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AHoTauif. Y cTaTTi npegeTasiennii 028G Cy4acHoi 1iTepatypu, Lo BUCBITAIOE NMUTAHHSA BIIMBY @HJOKPUHHOI MATO/I0Rii Ha
PO3BMTOK Pi3HNX BUGIB aHeMIil y toguHu. ONUCYETbCS 3HaYeHHs 0i0102iYHO AKTUBHUX PEYOBUH B HOPMAIbHOMY epUTPOMNOES,
PO3271IGA€ETHLCA POIb €PUTPONOETHHY i Gito 20PMOHIB eHJOKPUHHMX 30/103 HA 11020 pO3BUTOK. 0620BOPIOIOTbCA TAKI eHJOKPUHHI
natonoeii, K 2ino- Ta 2inepTupeoignam i 0co6AMBOCTI PO3BUTKY GHEMIYHWX CTAHIB MPU HUX. AHGAI3 AiTepaTypyu NOKA3adB, LU0
aHeMisl He2aTMBHO BI/IMBAE HA nepebi2 OCHOBHO20 3aXBOPIOBAHHS, ICTOTHO MORIPLUYIOYM 1020 NPO2HO3, d ii NiKyBaHHS 4acTi-
Lwe eqeKTUBHO TibKu CriIbHO 3 KOpURYBAHHSIM 20PMOHAIbHOR0 CTATYCY. Lli 0c06MBOCTi HEOOXIgHO BPaXOBYBATH B KAIHIYHIV
NpakT1Li Npy BegeHHi NALieHTiB 3 NAToN0RIE WMTONOgGibHOI 3a103M.

KnioyoBi cnoBa: aHewmisi, epiTponoes, epuTponoeTHH, eHgOKPUHHI NATo102il, LWMTOMOgiOHa 301034, 2iM0TUPeoign3m, 2inep-
TMpeoigm3m.

AHHOTaums. B ctatbe npegcrasneH 0630p COBPeMeHHOM UTepaTypbl, OCBeLaloLlel MexaH3Mbl BAMSHUA IHGOKPUH-
HOV MaTo/s02MK HA pa3BUTHE PA3NYHbLIX BUGOB aHeMMIi y yenoBekd. ONMCbIBAeTCS 3HaYeHne GMoa02M4eckn akTUBHbIX Be-
LeCTB B HOPMA/IbHOM 3pUTPOINo33e, paccMATPUBAETCS POJib SPUTPOMNOITUHA U JeCTBMe 20PMOHOB SHGOKPUHHbIX JKesle3 Ha
€20 06pa3zoBaHme. OOCYKGatoTcs Tak1e SHJOKPUHHbIE NATON02MM, KK 2MMO- U 2MNepTMpeongn3m n 0CObeHHOCTH pasBUTUS
AHeMMYeCKUX COCTOSIHUI MPU HUX. AHAIN3 INTePATypbl MOKA3AJ1, YTO AHEeMUs OTPULIATE/IbHO BMSeT HA TedeHne OCHOBHO20
3a60/1eBaHNS, CyLIECTBEHHO YXygLIds €20 MPO2HO3, d ee jieyeHue yaiye 3PPeKTMBHO TObKO COBMECTHO C KOPPEKTMPOBKOW
20PMOHA/ILHO20 CTATYCA. DT 0COOEHHOCTU HeOOXOGUMO YYUTHIBATb B KNIMHYECKON NPAKTiKe npy BegeHn NaLmueHToB C nd-
T0/102MeM WNTOBMGHOI XKenesbl.

KnloueBble cnoBa: avemus, 3puMTponoa3, 3puTPONO3TUH, SHGOKPUHHAA NATO02MS, LWMTOBUGHASA Xese3d, 2MnoTUpeou-
gu3M, 2UNepTUPeongu3sm.

Summary. The article presents a review of modern literature, covering the impact of endocrine pathology on the devel-
opment of various types of anemia in humans. The importance of biologically active substances in normal erythropoiesis is
described, the role of erythropoietin and the action of hormones of the endocrine glands on its formation are considered. Endo-
crine pathologies such as hypo- and hyperthyroidism and features of the development of anemic conditions are discussed. An
analysis of the literature showed that anemia negatively affects the course of the underlying disease, significantly worsening its
prognosis, and its treatment is more often effective only in conjunction with the adjustment of hormonal status. These features
must be taken into account in clinical practice when managing patients with thyroid pathology.

Key words: anemia, erythropoiesis, erythropoietin, endocrine pathologies, thyroid, hypothyroidism, hyperthyroidism.

Hoc'ranomca npoo6aemu. AuemMis € ri1o6aabHOIO
TIpobJIeMOI0 TPOMAACHKOI OXOPOHY 3J0POB’ A He
TiIBKM B KpaiHaX, II[0 PO3BUBAIOTHCH, aje i B Kpai-
HaX 3 BUCOKUM piBHeM HUTTA, TAKOIO, IITO HETAaTUBHO
BILIMBAE HA 3[0POB’ s JIIOJWHU i CTBOPIOIOUN HETaTUBHI
coliayibHO-eKOHOMiuHi Hacaigku. [Ipu mboMy HaAgBHICTH
€HJIOKPUHHOI IaToJIOTii came 10 cobi MOYKe BUKJINKATHI
aHeMiUYHUHE CUHAPOM ab0 O0TAKYBAaTH HOTO0 mepedir.

Amnanmis ocranHix mocaimskeHs i myomikaii. [o-
CIimyKeHHA cKJaamaioTh mpali BOO3[1-3; 7] Ta Ta-
Kux paxiBIiB B o6yacTi eHZOKPUHHOI maToaorii Ta
remaroJorii, ax Harper J. W. [8], Drew Provan [9],
Ajay K. Singh [10], McPherson R.A.[11], Yoshida K.
[15], Ram Prakash Patel [17], Nagao T. [18], Chanchal
Das[19], McLean E. [20].

®DopMyIIOBaHHA I[iJIe CTATTi (IIOCTAHOBKA 3aBIaH-
H). AHa/Ii3 HAayKOBUX Ipallh Ta JOCJiAKeHb IIPo Ia-
TOTeHe3 PO3BUTKY aHeMil. BuaBiieHHSA 3ae)XHOCTI
aHEeMiUYHOT0 CUHAPOMY BiJl AucYHKIIII muTomo1i0HO1
3aJI03U.

Bukaan ocHoBHOTO MaTtepiaay. 3a tanumu BOO3
B CBiTi Ha aHeMi0 Pi3HOI'0 CTYIIEHIO BaXKKOCT1 CTpak-
IarTh 0issa 1,62 Migbapaa 40JI0BiK, 110 € Maixe 25%
HacejenHsa [1; 2]. AHeMisa MoKe BUHUKATH IIPOTATOM
ycix mepiomiB sKUTTA JIoguHN. AHEMi€io 3BeTbCA I'pyIa
KJIIHiKO-TeMAaTOJIOTIUHUX CUHAPOMIB, ITI0 XapaKTepU3y-
I0ThCA 3MEHIIeHHAM K1JTbKOCTi ePUTPOIIUTIB 1 KOHITeH-
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Tpaiiii reMors100iHy B KpoBi. Bigmosigmo qo pekomeH-
maritt BOO3 kpuTepiem giarHo3y aHemii € 3HUKeHHS
piBHsA remoryio6iny menr Hisk 120 r/ i epuTporiuTiB
MEeHIII HiK 3,8 MJIH/MKJ y KiHOK, V YOJOBiKiB MEHIII HiK
130 r/n ta 4,0 mus/MKa Bignosigmo [3]. OcHoBoIO mAi1a
POSBUTKY aHEMIUHUX CTaHIiB MOJKE CIYKUTHU MIUPOKMI
CIIEKTP IATOJIOTIYHUX ITPOIIECiB, ajIe 3K OCHOBHUM € OIUH
3 TPHOX YMHHUKIB a00 Ha IX KOMOiHAIisA: KPOBOBTpATa,
HeJIOCTaTHE YTBOPEHHA €PUTPOIIUTIB a60 iX minBuIeHe
pyiiryBaHH4 [4].

Amnemisa HeraTHMBHO BILTIMBAE HA AKiCTh sKUTTA XBO-
puX, BUKJINKA€E 3HUKEHHA IIpaIes3gaTHOCTI i ToiepaHT-
HOCTI 10 (hi3BMYHOTO HABaHTAYKEHHA, IOTiPIIEeHHA CEK-
CyaJIbHOI 1 KOTHiTMBHOI (DYHKILII i CyIPOBOIKYETHCA
PiBHUMY COMAaTUYHUMU CUMIITOMAaMU (3aIUIITKAa, 3a1a-
MOPOUEHHs, IOTaHUl alleTUT Ta TaKe iHIle), € pUSUKOM
PO3BUTKY CEPIEBO-CYIUHHOI ITATOJIOTII Ta B feAKUX
BUIIQKAaX OIMOCEPEeJKOBAHUM YMHHUKOM CMEPTI JIf0-
nuHay [5—8]. Ik mpaBuio, aHEeMisa € OMHNUM i3 IPOABiB
3aXBOPIOBAHHS, a He cCaMOCTiifHOIO maTojorieio [9].

Ha cunTtes epuTpomnoeTuHy mIpamo abo orrocepeaKo-
BAHO [IiI0Th TOPMOHU €HJIOKPUHHUX 327103, TOMY IIPH 1X
Iuc(YHKII] MOKHA CIIOCTepiraTy 3MiHU NOKa3HUKIB
uyepBOHOI KpoBi. IlaTodisiosoriuna ocEoBa aHeMil, 1110
CIIOCTEPiraeThbcA MPU €EHJOKPUHHUX PO3Jalax, MOXKe
OyTu 6araToaKTOPHOIO i, TAKUM UMHOM, He 3aBKIN
viTkor [9; 10].
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ITopymenHa QyHKIII muTONOAi6HOI 321031 MOXKe
IIPUBECTH [0 Pi3HUX BUAIB aHEMili. ¥ maIlieHTiB 3 rinmep-
THPEOIU3MOM CIIOCTepiraeTbcA 30ibIIIeHHA epiTPOIIOo-
eTiuHOI aKTUBHOCTI KicTKOBOTO MO3KYy. Ile moB’a3am0
31 36iIBITTeHO0 TOTPE60I0 TKAHWH Y KUCHI B pe3yabTaTi
MiABUINEHHA OCHOBHOTO OOMiHY IIPU TUPEOTOKCUKO31
i AK BiATIOBimHA peaKIlid HAa 11e 301iJbITYEeThCA BUPOOIEH-
Ha epurpomoeTuny [9]. OnHaK TOPpMOHY IITUTOIIONI0HOL
3aJI037W HAJAAIOTH i IPAMY [JIit0 Ha EPUTPOIIOE3, MOXKJIUBO,
yepes perenTopu KarexonaMmiuaiB. OCKiIbKY Ipu TH-
PEOTOKCUKO3i BogHOUAC 301 IBITYIOTHCSI 00CAT IIa3Mu’
KPOBI i KiJIbKiCTh epUTPOLUTIB, TO TeMaTOKPUTHE UUCIIO
He 3MiHIOETBCS, X0ua y 10—25% mamienTis cnocrepira-
erbcd aHeMida [11]. ¥V meakux BuUmagKax po3BUBAETHCA
MiKporiTapHa rimoxpomHua anemisi, a 8 1-3% i mepuu-
nuosHa aHeMmia [12].

YucnaeHHI AOCHiIMKeHHA TiATBEPAKYIOTh TiICHUI
3B’sI30K Mixk 3MiHaMu YHKITII KiCTKOBOTO MO3KY i iMyH-
HUMU ITOPYIIEeHHAMY IITUTONnoAi6HO1 3amo3u. ITpu rinep-
TUPEO03i TOCUTH YaCTO CIIOCTEPIraeThCcA ITOMipHA MaKPO-
muTapHa HOpMOXpoMHa aHeMid, y 20—60% marmieHnTiB
Ha XPOHIYHUN ayTOIMyHHUH TUPEOITUT PO3BUBAETHCA
CIIPaBJKHA IIePHUIMO3HA aHeMia. TakoX B fTeaAKUX
BUIIQJKaX TiMIepTUPE03y MOKYTh CIIOCTEpPiraTucsa Kpim
€PUTPOILUTO3Y, IOMipHUH JiMOOIUTO3, TPAHYIOIUTO-
neHia i TpomboruTonenia [13; 14].

Y neakux maiieHTiB aHeMis moB’A3aHa 3 gedinuTom
saisisa, (posaris i Biraminy B, ,, 1110 CyIpOBOIKY€ETH-
cd BigmoBimHUMU 3MiHaMu MoOp@doJIoril epuTPOIUTiB.
VY iHmux namnieHTiB aHeMia HOCUTHh HOPMOXPOMHU U
HOPMOIIUTAPHUI XapaKkTep i, BOUeBUAb, ITIOB’ A3aHA
BJIACHE 3 TUPEOTOKCHKO30M. EpuTrpomnoes He € edek-
TuBHUHN. MOKINBO, 1110 B pAi BUMIAAKiB POBBUTOK aHe-
Mil moB’sA3aH0 3 remozuaroIicro. OnucaHi Bunagxu
cumepobIacTHOI aHeMi€lo 3 TUPEeOTOKCUKo30M. IIpu
IOCTII}KEeHHAX BUIAJKiB BAXKKOI ITAHIIUTONEHI] B TpyIIi
TIAIi€HTiB 3 THUPEOTOKCUKO30M POOIATHCSA BUCHOBKH,
10 OIiHKY (PYHKIIII muTomoai6Hol 3a7103u HEOOXiTHO
OPOBOAUTH y MAI[IEHTIB 3 MAHIUTOIIEHIEI0 HABITH IPU
BiZICYTHOCTi CUMIITOMiB eHIOKPUHHOI TaTosorii [14].

¥ mearux HayKOBUX poOOTaX Bijl3HAUAETHCA BILIUB
TOPMOHIB IITUTOMOAI0HOI 3a103U Ge3TTOCEePeTHBO Ha epu-
TporuTu. JlocHifsKeHHA TOKa3aIlu 3HUKEHHA KOHIeH-
Tparii TUHKY B YePBOHUX KPOB’ AHMX KJIiTHHAX. Byio
BUCYHYTO IPUITYIIIEHHA ITPO 3aJIeKHICTh CepeaHbOI KOH-
meHTpaIii TMpeoifHMX TOPMOHIB i KOHIIEHTPAIlil IUHKY
B epuTponuTi. [lany 3a1eXHiCTh MOXKHA BpaXOBYBaTHU
IIPY IPOBeJIeHH]I An(epeHIifiHO] AiarHOCTUK Y XBOPOOH
I'peiiBca i TPAaH3UTOPHOI'O TUPEOTOKCUKO3Y, IPU AKOMY
He BUABJIEHO 3MiHU PiBHA MUHKY B epuTporuTi [15].
JIiKyBaHHA IPOBOAATH 3 IPUBOY OCHOBHOTO 3aXBOPIO-
BaHHA, AKIIO MiTBEPAKEHO Ja60PaTOPHNIMYU TECTAMU
medinuT 3asiza, BiTaMiHy B12 i ¢onieBoi KkucaoTm, TO
MIPU3HAYaIOTh BiITIOBiIHE JIiKyBaHHS.

ITpu rinoTupeoinmami anemia BigdHauaeThCA ¥ 25—
60% marieHTiB 3a PaXyHOK MIPUTHIYEHHSA €PUTPOIIO-
esy. IIpu 11e BimbyBaeThCsa SHUKEHHA KOHITeHTpAaIil
€pUTPOIIOEeTHHY B CHPOBATIII KPOBi, Bif3HaUa€eThHCA
BHUKEHHA KiJTBKOCTI KJIITUH B YePBOHOMY KiCTKOBOMY
MO3KY, 3HUKeHHJ IIpoJridepailrii epurpobaactis [16].
3a cBoiM XapaKTepoM aHeMid MoiKe OYTU TiTTOXPOMHOIO
MiKpPOIIMTapPHOI, HOPMOXPOMHOIO HOPMOIIUTAPHOIO Ta
MaKpPOIIUTAPHOIO, CTYIiHb TAMXKOCTIL IKOI BapiloeThCa
B BaJIEKHOCTI Bix crynena rimorupeosy [13]. Haiibinpim
YacTo Bil3HAYAETHCA HOPMOXPOMHA HOPMOIIUTapHA
aHeMis, sKa 00yMOBJIeHA BJacHE AedilluToOM TUPEeOois-
HOTO TOpMOHY [17].

Anemia MosKe He BUABIATUCA (MAaCKyBaTUC) Uepes
3MEHIIIeHHA Y XBOPOTo 00cATY myIadMu KpoBi. Makpo-
I[ATO3 BUSBJIAETBCA Yy 55% mallieHTiB 3 rimoTupeo3om
i Mmosxe posBuBaTHCA 0€3 HeiUTy MOXKUBHUX PEUOBUH.
¥ pani xBopux BigszuauaroTbea akanToruTu [18]. Ilpu-
YMHY PO3BUTKY aHeMil uacTinie 3a Bce 3mimani. Ilpu
Timo(yHKIIII IMITUTOIOAI0HOI 3271031 PO3BUBAETHCA TillO-
iaxjoprinpisa, o Ioripiirye BCMOKTYBaHHS 3aj1i3a uepes
HEMOKJINBICTH IEPETBOPUTHUCS B 3aCBOIOBaHY (hopMmy.
PosBuBaeThCca aHEMid TimoXpoMHA MiKpOI[iTapHOTO
xapakTepy. ¥ pAli JOoCaiasKeHb BUABJIEHO 3aJIeXKHICTh
rimotupeosy i nepaumnuosuoi anemii y 10—15% mnarri-
entiB [16; 19; 20].

SIK110 B OpraHisMi BUHUK XpOHiUHUM nedimur 3a-
Jiza, To MOKJIUBe OJIOKYBAaHHS (pepMeHTy meiiominasu,
AKwuii cupusae nepersopenu:o T, B aktusuamii T,. Kpim
TOr0, AKIIO € HecTaua 3ajisa B I[UTOIOoAi0Hii 3a103i,
TO BHUKYETHCA aKTUBHICTH TipeonepoKcizasu — Qep-
MEHTY, ITI0 € 3aJIesKHUM Bif piBHA 3aiza kposi [16; 19].

Taxum urnHOM, 3aJi30 iCTOTHO BIJITBA€E Ha POOOTY
IITUTOIOi0HOI 3471031, MOPYIIIeHHA V (DYHKITiOHYBaH-
Hi K01, B CBOIO UepT'y, MOKYThb iCTOTHO BILIMHYTH Ha
HaJIXOMKeHHA 3aji3a B oprauism. ¥ pasi amemii abo
MIOPYIIeHHA 00MiHYy 3aJriza He cJif 3a0yBaTu PO CTaH
muTonoai6HoI 3am03u. Takum UunHOM, caM o coOi ri-
IIOTHPEOiAN3M CIpUAE MAaKPOIIUTO3Y. 3aMicHa Tepamnia
TOPMOHOM IITATONOAiI6HOI 3271031 KOPUTYE TeMAaTOKPUTHE
YUCJIO 1 JiKBiye MaKPOIUTO3 IIPOTATOM 3—6 MicsaIiB
Imicasa movyaTkKy JiKkyBaHHA. IIpusHadeHHda IpenapariB
3aiisa, Bitaminy B.,, ¢osaTriB 6e3 npuitomy ropMOHiB
Hee(peKTHBHE.

BucHoBEKM. Y3araJabHIOIOUM JiTEPATYPHI faHi, MOKHA
micyMyBaTH, IO MiABUINeHHI a00 3HMKeHHA QYHKITIT
IITUTOTONi0HO0I 32,1031 MPU3BOAUTE OO0 Hee(eKTUBHOTO
epurponoesdy. B pesyabrari 3’aABIA€THCA aHEMidA, IIT0
MO2Ke TIOTipIITyBaTu mmepedir o0cHOBHOTO 3aXBOPIOBAHHA,
aiimikyBanHA yacTimie e)eKTUBHO TIIBKY CILIBHO 3 KO-
pUTYBaHHAM rOpMOHAJLHOTO cTaTycy. I1i ocobauBocTi
HeoO0XiHO BpaXOBYBATHU B KJIIHIUHIA NPaKTUIL TPU
BeJeHHI ITAIli€HTiB 3 MATOJIOTi€I0 IITUTOIOL10HO0I 321031,
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his period was a time of great change not only in

Russia but also in Europe. Carlo-Maria Buanaparte,
the second son of a Corsican nobility, born in 1799,
born K. P. Bryulov, suppressed the French Revolution
of Napoleon and declared himself a military dictator.
Suvorov, who crosses the Alps, introduces the Russian
weapon. In the Pushkin family, a little-known noble-
man, a son was born and named him Alexander. The
small town of Toure was born in 1799 on the French
town of Onore de Balzac. In Milan, Antonio Bruni, also
a son of a phonograph artist, also gave birth to a son
and named him Fidelio. After their family emigrated
to Russia in 1807, this young man, Fedor Antonovich,
later became rector of the Petersburg Academy of Arts
and a master of Russian painting.

By the end of the eighteenth century, Russia would
become one of the largest European countries. The un-
limited possibilities of the nobles further exacerbated
the tensions in the social life of society. This tension
escalated after the war of 1812 with the French troops,
which was historically known as World War I. In 1825,
there was also the uprising known as the “decabrica-
tion revolution”. A.S. Pushkin, M. Yu. Lermontov,
V.N. Gogol, Poets and writers such as M. I. Glinka
have condemned the existing lifestyle.

In the first half of the 19th century, trends in Rus-
sian painting, such as classics, romance, and realism,
represented different stages of their development. In
particular, if there was a crisis of classism and it be-
came academic. Such fine works of Russian romance
have been created by artists such as K. P Bryullov and
A. Kiprensky. Russian realism, however, evolved. He

discovered a critical realism in the work of artists like
A. Tropinin and A. P. Fedotov.

The works of Orest Adamovich Kiprensky (1782—
1836) show the researches and achievements of this
period. The painter, who mainly works in the genre of
portrait, will be able to discover new aspects of portrait
art and enrich his ideological and artistic aspects.
0. A. Kiprensky’s portrait (1827) is a Russian poet.
of S. Pushkin It is a portrait of Pushkin during his
lifetime. In his poetic letter to the artist, Pushkin
highly appreciated this portrait and described it as
“I saw myself in the mirror.”

As a major representative of Russian romance,
Kiprensky focuses on deepening the content of his
works, making them lively, expressive, and revealing
the spiritual world of nature. This in turn reinforces
elements of realism in his work.

Another leading painter of that time was Vasily An-
dreevich Tropin (1776—-1857), one of the most prolific
artists of his time. His portraits, created in the spirit
of love for man, were important for the development
of realistic art. Tropinin’s works, along with many
other museums around the world, are also on display
at the State Museum of Art of Uzbekistan.

During this time not only the genre of portrait,
but many other genres also developed. In particular,
many works were created in the domestic genre, re-
flecting everyday life. Alexei Gavrilovich Venetsianov
(1780-1847) is one of the Russian artists who made
a significant contribution to the development of this
genre. He is the first Russian painter to paint an im-
age of himself, observe the daily routine and work of
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ordinary people and create works based on them. In
most of his works, the artist tries to portray everyday
life as well as the harmony of human and nature. The
open spaces, the clear air, and the charm of the sun-
shine add to the work of the artist.

It is noteworthy that since the 19th century, Rus-
sian artists, regardless of the theme they refer to in any
genre, try to express the feelings, moods and thoughts
of their contemporaries, as well as to address the con-
temporary issues of the day.

In the first half of the 19th century, great success
was achieved in the historical genre. In their works
on historical events, artists have created works of
art dedicated to the history of the country, striving
to glorify their motherland and instill in them a sense
of patriotism. Even when they created works based on
mythical ideas, they also tried to express the issues
of their time and time. The great paintings by Karl
Pavlovich Bryullov (1799-1852), “The Last Day of
Pompeii” and “The Public View of Jesus” by Alexander
Andreevich Ivanov (1806—1858) are remarkable works.

In the first half of the 19th century the processes
that took place in Russian fine art, especially by A.B.
P. Fedotov’s work is evident. He was the first to fill
the domestic genre in Russian painting with social con-
tent. He strongly criticized social inequalities among
people, strongly condemning the iniquities of society.
The artist becomes one of the founders of critical re-
alism in painting.

Like graphic arts, graphic arts developed more
rapidly during this period. The development of fiction
by engraving is directly related to the development
of illustration. Graphic artists in their works tried
to reveal the contradictions of the social order. One
such artist as A. A. Gagin, is began his own creative
direction of critical realism.. Artists like E. I. Kozrigin,
Ch. Bernadsky also made a significant contribution to
the development of graphic art. Architecture was also
developed in connection with the great work on recon-
struction and repair of Moscow, which was destroyed
after the end of World War I. In these works, the ar-
chitects I. D. Jilardi (1788-1845), a. N. Grigoryev
(1782-1867), The work of such artists as O.1. Bove
(1784—-1834) plays an important role. In particular,
Osip Ivanovich Bove’s project is undergoing extensive
repairs around the Kremlin. The Red Square in Mos-
cow, the capital of the present-day Russian state, has
been shaped ever since.

The progressive ideas of the period were reflected
in the large architectural compositions built at that
time, the improvement of construction techniques,
including the wide use of metal in the architecture,
greatly influenced the appearance of the architecture
of the period. And the creative collaboration of archi-
tects with sculptors and artists has made it possible to
create great examples of art synthesis.

The precision, persistence, and simplicity inherent
in classicalism at this time did not satisfy the emerging
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bourgeoisie, the nobility and the great. Now, archi-
tects have begun to use different styles, elements and
elements of the period for the decoration of buildings.
In this way, eclectic elements began to replace the
whole style in architecture. And the aspiration for the
efficient use of buildings has greatly influenced the
development of architecture. The decoration of the
buildings was dismantled, and the tension between
the city and its surrounding villages became apparent.

The building, which is now the Russian State Mu-
seum, presents Karl Ivanovich Rossi (1775-1829) as
a major representative of Russian classics. The name
and creative work of this artist are closely connected
with Petersburg. One of the architect’s most important
works is the Alexander Theater in St. Petersburg and
its front yard. Rossi will create a unique ensemble in
the design of the building, including the surrounding
buildings.

Augustus Monferan (1786—-1858), a native of
France, also made a significant contribution to the
development of Russian architecture. In the first half
of the 19th century, the “Isaac Cathedral”, a unique
example of European architecture not only in Russia,
was one of the largest and most prominent buildings of
that time. It is remarkable for its height (102 meters)
and its size, complexity of design and efficient use of
precious decorative materials such as bronze, granite
and marble.

In the first half of the nineteenth century, all types
and genres of sculpture flourished. Many unique mon-
uments were created especially in magnificent, mag-
nificent and decorative sculpture. At the same time,
the development of sculpture of this period was not
isolated from internal conflicts. On the one hand, the
traditions of classicalism and ideology are beginning
to fade away, and they turn into formalism, an area
of formal art. On the other hand, the rise of realistic
processes is seen as an important sign of the sculpture
of that period. In the middle of the century, magnif-
icent ornamental sculpture lost its status, and the
interest in stand-alone sculpture began to spread, and
the animal genre became widespread.

The statue of Ivan Petrovich Martos, dedicated to
Minin and Pozharsky (1804—-1816) on the red square
of Moscow, is also unique. In this work the sculptor
reflects the image of his contemporaries, who sought to
free their homeland from foreign invaders, who loved
their country and fought for it. The monument, in its
position, is in line with Falcone’s “Copper Rider” and
Kozlovsky’s “Samson”. Martos also works on the cre-
ation of tombstones and contributes to its development.

One of the major sculptors of the XIX century, who
has been successful in magnificent decorative sculp-
ture, is Feodosi Fedorovich Shedrin (1751-1825). At
the entrance to the Central Gateway of the Admiral-
ty building, the “Sea Nymphs” group is particularly
important because of the beauty and perfection of
its images, the elegance of its movements, and the
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high level of professionalism. In this composition, the
sculptor elevates Russia as a major sea kingdom. In the
field of majestic — decorative sculpture B.I. Demut-
Malinowski (1779-1846) and S.S. Pimenov (1764—
1833) is also a prolific artist.

One of the most famous works of the time is the
sculptures of military commanders Kutuzov and Bark-
lay de Tolli in front of the Cathedral of St. Petersburg
in Orlovsky (1792-1833).

The work of one of the Russian sculptors Fyodor
Petrovich Tolstoy (1763—1873) is closely linked to the
development of Russian fashion designer. Although he
has worked in all types of fine arts (such as painting,
graphics, circular sculpture), his true talent has been
manifested in the abstract form of sculpture. A small
barrel of 1812 on the theme of the Patriotic War gives
the creator his fame.

The period in the Russian sculpture is reflected
in the work of realistic artist Peter Karlovich Claude

(1805-1867). Claude is famous for the statue of “The
Man Who Stops the Horse” (1833—-1850), designed for
the Anichkovo Bridge in Petersburg. Another of his
most famous works is Russian parable It is a monument
to I. Krylov. Despite his lack of consistent, specialized
artistic education, Claude is known for being a large
animal sculptor in the history of Russian art with his
hard work and many natural sculptures.

There are many more such examples. And most
importantly, our understanding of this period can be
understood through the example of the artists men-
tioned above. It is not an exaggeration to say that this
period, as in European art in comparison with previous
centuries, is a period of rapid growth, development
and transformation in Russian art. It is appropriate
to say that the emergence of such great artists in the
Russian art contributed to the further development
of art and culture, to discover and acquire a unique
place in world art.
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NEQATOTIYHI HAYKU

FEATURES OF THE DIDACTIC GAME
AND ITS ROLE IN STUDENT ACTIVITIES

Summary. The article discusses didactic games aimed at facilitating the assimilation of knowledge that students

need to learn in the process of learning and developing their mental activity and thinking, speech and development.
Playing games in a playful manner makes it easier for children to learn.
Key words: game, teaching, student, learning, thinking

he basis of the use of gaming technologies is the

active and accelerated activity of students. The
game is one of the main activities, according to schol-
ars’ research and study. Psychologists argue that the
psychological mechanisms of play activities rely on
the fundamental needs of self-expression, self-actu-
alization, self-control, and self-realization.

The game is defined as a type of activity in situations
where learning and reproduction of social experiences is
shaped and enhanced by the behavior of the individual.

L.S. Vigodsky describes the game as a child’s inner
world, a means of learning social order. A.N. Leontev
views the game as a person’s freedom to fantasize about
his own unrealistic interests and interests.

Psychologists claim that the ability to enter the
game is not age-appropriate, but that the game is
unique to each age person. The individual and age
characteristics of children should be taken into account
during the games. Because it is no secret that school-
age students’ perceptions change as they move from
grade to grade. For students who are just starting out,
the use of interactive games can make them uncom-
fortable. So when designing a game, it’s important to
adapt it to the classroom and take it seriously.

Organizing games and enjoying children at the game
requires a great deal of skill, hard work and artistry
from the teacher. In this case, the teacher should be
encouraged to play with his own facial expressions,
speeches, actions, and know how to encourage each
child’s achievements in a timely manner. The excite-
ment and success of success results in the comprehen-
sive development of the human personality.

The game focuses on the clear implementation of
rules and relationships (e.g. subordination). For the
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first time, it is a leader. Children develop their orga-
nizational skills and skills.

Competition games can be split into separate game
teams. Success in these games is very important to
the child. Because of this, it is precisely because of
the development and development of motivation for
success in these games that the introduction of gam-
ing technology can be effective in boosting children’s
interest and motivation.

As we said earlier, organizing a game and making
the game fun is a complex process, and you need to fol-
low the following three rules to make the game properly:

Choosing the first, educational and pedagogical task
and examining its dynamics; The game should help
the student to come to an immediate decision and to
master the skills to execute his or her plan efficiently.
Secondly, to distinguish between the participants of
the match and their equal competitors and those of the
opponents; Third, it is also important to determine
the duration of the match. This is because an overly
prolonged game loses its content and quality.

Depending on the way the games are organized,
they differ from the other activities. There is anoth-
er problem with the way the game is organized. For
example: pedagogical games, action games, business
games, didactic games and more. Pedagogical games
are artificially organized. The participants of the game
will either evaluate the performance of the role as the
role-play players (for example, production masters,
teachers, master, parents, educators, supervisors,
etc.) or active observers.

An analysis of research in pedagogy shows that
pedagogical play enhances a student’s cognitive per-
formance. The students are actively involved in the
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lesson, the experts make independent and free-form
statements, achieve the stated objectives, and the stu-
dents attend and leave the classroom with knowledge.

Organizing game activities is an active, effective
way of teaching and educating the students, not only by
the knowledge and skills of the participants in the peda-
gogical game, but also by the person. some professional
and ethical characteristics (preparation, performance,
execution, creative activity, motivation, motivation,
community). Well-organized exercises allow students
to engage in professional activities, arouse interest in
the learning process, and unite the group.

It is important to note that pedagogical games re-
quire participants to be well-versed in the role playing
and role-playing rules.

The didactic games are mainly aimed at facilitating
the acquisition of knowledge that students need to mas-
ter in learning and developing their mental activities
and thinking, speech and development. Playing games
in a playful manner makes it easier for children to learn.
In the form of a game, students learn to live in a team, to
be organized, to co-operate, to work together and to be
independent. Moral qualities, qualities, rigid adherence
to discipline, discipline, aesthetic pleasure are formed.

Didactic games are designed to provide students
with an educational background based on age, to facil-
itate knowledge and information, and to ensure that
students are not bored or tedious. Therefore, what is
considered to be one of the main activities in teaching
and learning is to play and serve as a tool to encourage
students to read. Lessons organized through didactic
games include familiarizing yourself with the environ-
ment, observing them, developing speech and under-
standing, and increasing mental activity in general.
The content of a didactic game consists of four factors:

The rules of the game
The end of the match

The function of the game
Game action

1. Each didactic game has a specific didactic task.
This is to provide knowledge and information to chil-
dren. Each didactic game requires children to complete
a specific task. To do this, the child activates his or her
thinking, recalling previous knowledge and understand-
ing, and activates the movement. It is also worth noting
that every didactic game played with students should
be of interest to the students, to the particular knowl-
edge, objects and objects. The game loses its value if the
task assigned to the students is incompatible with their
understanding. When students are not interested, the
task is not accomplished and the goal is not achieved.

2. Another important feature of the didactic game
is the game’s movement. Play activities encourage chil-
dren to engage themselves. The behavior of the game
varies according to the content of the game, sometimes
it is related to the competition, and sometimes it is
related to the time and the turn. The movement of the
game is facilitated by the large number of children
playing. The smaller the child, the easier it becomes.
In addition, the game will change according to the age
and level of education of the children.

3. The didactic game is always subject to the rules of
the game. Children participating in the game are given
the task at hand by following the rules of the game. The
didactic game is linked to the rules of the game and
shows how the child behaves and what he should do. The
rules of the game are the rules of the game, and the goal
is to be followed. Failure to comply with the rules of the
game in the performance of this task may result in in-
correct results. Also, if you wear two necklaces instead
of the first one or if the names are left in the middle,
the game will be broken and the rules will be ignored.
Similarly, other games must be played in accordance
with the rules of the game. Observance of the child’s
rules of play is not only important for the educational
purpose or goal that is given to him but also serves as
the basis for his or her educational purpose. Discipline
in the education of the child is provided by the rules of
the game. Before playing each game, you need to explain
to the children the rules and contents of the game and
what the outcome is. This is what children do. Adhering
children to specific goals for this purpose helps them
develop their attention, will and mental activity. As a
result, children learn not only what can be done, but
what to do. As a result, children often stop behaving
arbitrarily in a didactic game. They also learn self-con-
trol and self-control. For example: spontaneous words
on a blackboard, quickly replacing words with words
to create the right word. This is where the sentence is
given to be correct. In such a role-playing game, the
child does not put the word where he or she wants it,
as it has a rule of correctness, meaning and meaning.
It is worth noting that the rules of didactic games do
not require the same rules at all times and at all games.
The emphasis is on the type and content of the game.
For example: the puzzle game is different. Here, the
boy carves an object himself, says its main characters,
and other children find their names based on it. In this
context, the rules of the game are different. Following
a didactic game rules the child’s performance, which
helps him to determine what and how to do the game.

References
1. Sayidahmedov N. Yangi pedagogik texnologiyalar. Toshkent: Moliya, 2003. 172 b.
2. Saidov T. Ilg’or pedagogik texnologiyaning mazmun-mohiyatini “Aqliy hujum”usuli bilan o’qitish texnologiyasi.

Toshkent, 2003.

3. Saidov T. Ilg’or pedagogik texnologiyaning mazmun-mohiyatini “Aqliy hujum”usuli bilan o’qitish texnologiyasi.

Toshkent, 2003.

15



// NMeparoriuxi Hayku // // MisknapofHuit HaykoBUM XxypHan «lHTepHayka» // N2 3(83), 1 1., 2020

YIK 37.013.43
Ypaszumona Tamapa BaagumupoBna
PhD in History of Art, douenm
Hyryccrkuil cocy0apcmeennulii nedazozuieckuil uncmumym umeHu Axcunuasa
Urazimova Tamara
PhD in History of Art, Docent
Nukus State Pedagogical Institute named after Ajiniyaz

NEAATOMMYECKMA NMOTEHLUMA NCNOJIb3OBAHUSA
NEKOPATUBHO-NMPUK/JAQHOIO UCKYCCTBA
KAPAKA/IMAKCKOIO HAPOJA B NMPOLIECCE ®OPMWPOBAHUS
U PA3BUTUSA XY1OXXECTBEHHO-TBOPYECKUX
CMNOCOBHOCTEN CTYAEHTOB

PEDAGOGICAL POTENTIAL OF THE USE
DECORATIVE-APLIED ARTS KARAKALPAK FOLK
IN PROCESS OF THE SHAPING AND DEVELOPMENTS
ARTISTIC-CREATIVE ABILITIES STUDENT

AHHOTaumus. CTaTbsl NOCBALUEHA COBPEMEHHOMY COgepXaHuio M poau 06pa3oBaTenbHO20 MPOLecca M 3HAYeHUto
geKopaTUBHO-MPUKIAGHO20 NCKYCCTBA KAPAKA/INAKCKO20 HAPOga B Hem. Tak Kak B COBpeMeHHOM 00LLecTBe BO3pOC/I0 BHUMA-
Hue Kk npobemMe HerpepbiBHO20 XYJoxXeCTBeHH020 00pa30BaHMs. He N0C/iegHIO posib 3gech M2paeT ICTeTnyeckoe BOCnTa-
HMe, cnocobCTBYyOLee AKTUBM3ALMM PA3BUTUS MUPOBO33PEHMSI, MHTE/IEKTYA/IbHBIX M TBOPYECKUX MOTEHLMIt IMYHOCTH. [103-
TOoMy npovecc 06pazoBaHmMs HEOOXOGMMO OCHOBbIBATb HA CO3GAHMM YCI0BUI g1 BOCMMTAHMS TBOPYECKOW IMYHOCTH, 20TOBOI
K gnasoay, COTpygHMYecTBy 1 COTBOPYECTBY B PA3/INYHbIX CHepax KU3HM.

KnioueBble cnoBa: negazoauka, geKopaTUBHO-MPUKIAGHOE UCKYCCTBO, HeMpepbiBHOE XygoXXeCTBeHHO20-Negaz02nyeckoe
0bpasoBaHume, counabHas cdepa, npoLecc 06pasoBaHus, MeTogonoms, MeTogbl 06pa3oBaHMS, MHHOBALMOHHAS TEXHON02KS,
TBOPYeCTBO.

Summary. The article is devoted to the modern content and the role of the educational process and importance decorative-
aplied arts karakalpak folk. Since attention increased in modern society to problem of the unceasing artistic formation. Not the
last role is played here by aesthetic education, contributing to enhance the development of philosophy, intellectual and creative
potential of the individual. Therefore, the process of education should be based on creating conditions for education of creative

personality, ready for dialogue, collaboration and co-creation in various spheres of life.
Key words: pedagogics, decorative-aplied arts, unceasing artistic-pedagogical formation, social sphere, education process,
methodology, education methods, innovative technology, creativity.

Hoc'ranomca npoo6aembl. MomepHU3aIUA XyI0-
JKEeCTBEHHOTI'0 00pasoBaHmA. AHAIN3 IPOOTIEMBI
MO3HAHUA eKOPATUBHO-TIPUKJIATHOTO NCKYCCTBA Ka-
paKaImaKkCKoOro Hapoaa, ¥ HEeTIOCPE/ICTBEHHOE eT0 BJIN-
AHVE Ha (pOpMUPOBaHUE XYL0KECTBEHHO-TBOPUYECKUX
CTI0COOHOCTE CTYIeHTOB B 00pa30BaTEILHOM IIPOIecCe.
AHau3 mocieTHUX UCCIeTOBAHUN U MTyOJINKAIIHIA.
OcCHOBOI CTaThU ABJSAETCS PAA TYOJINKAIUA, aBTOPOM
KOTOpPBIX ABJAeTcA ¥ pasumona T. B.
dopmyanpoBaHue 1Meei craThu. AHAIN3 TPO6IeMbI
HCIIOJIb30BAHUSA JEKOPATUBHO-IPUKJIAIHOTO UCKYCCTBA
KapaKaJIIaKCKOro Hapoa B mporecce GOPMUPOBAHUS
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¥ Pa3BUTUS XYA0KECTBEHHOTO-TBOPUECKHUX CIIOCOOHO-
CTelil CTYJeHTOB.

HN3moskeHue 0ocHOBHOTO MaTepuaja. CTaTbio MbI
cumTaeM IPaBOMEPHBIM HAUaTh C KOHKPETHOTO HAYYHO-
T'0 omIpefiesIeHUA MTOHATUS «TeKOPAaTUBHO-TIPUKJIaTHOE
HUCKYCCTBO» B «lIomynsapHO Xy/I0:KEeCTBEHHON 9HITUKJIO-
eIy » JaHHBLIA TEPMUH PACKPBIBAETCA CIEAYIOITIM 00-
pasoM: «J[eKopaTUBHO-IPUKJIATHOE UCKYCCTBO, Pasmes
IeKOPaTUBHOTO UCKYCCTBA; OXBATHIBAET P OTpacjeit
TBOPUYECTBA, KOTOPHIE ITOCBAIIEHBI CO3TAHUIO XYI0KECTB
usneanii, npefHasHaUYeHHBIX TJIABHBIM 00pa3oM IJd
oniTa. [ITpousBemennA feKOPATUBHO-TPUKJIALHOTO UC-
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KyccTBa MOT'YT OBITh: pa3JindyHasA yTBapb, Mebesb, TKa-
HU, OPYIUA TPYAA, OPYKUE, a TAaKKe IPYTHre U3AeIud ...
mprodpeTaroIe XyA0KecTBeHHOe KauecTBo biarogaps
MIPUJIOKEHUIO K HUM TPYAa XYA0KHUKA ...» [1; 212]
JexopaTuBHO-TPUKJIIALHOE UCKYCCTBO 00azaeT
OTHUM 13 OCHOBHBIX ACIIEKTOB 9CTETUYECKOT0 BOCIIU-
TaHuA, GaKTOPOM TapMOHUUYECKOTO PA3BUTUSI JIUUHO-
ctu. ViMeHHO uepes o0IIeHre C HAPOAHBIM UCKYCCTBOM,
TIpUBUBAaETCA JII000BH U TIOHMMAaHIE K CBOEMY Kpalo,
Hapony. Ha sTame cOmpuKOCHOBEHUA K OCHOBHBIM BUIAM
JIeKOPATUBHO-TIPUKJIASHOTO UCKYCCTBA HEIIOCPEICTBEH-
HO BOCIUTBIBAETCSA TOPJOCTH 34 CBOM HAPOJ, BOSHUKAET
¥ pa3BUBaETCS MHTEPeC K UCTOPUHU U KYJIbTYpe Hapoaa.
I eKopaTUBHO-IPUKJIASHOE UCKYCCTBO KapaKaJIIIaKOB
0XBaTbIBaET IMIMPOKUY KPYT PASJIMUYHBIX BIJOB MCKYCCTBA:
HauynHAA ¢ 0(POPMJIIEHNS 9JIEMEHTAPHBIX OBITOBBIX IIPE]T-
METOB U 3aKaHUYMBAas XYA0KEeCTBEHHO 3HAUNMBIMU CBOEH
XyI0KEeCTBEHHOU 3aBEePIIIeHHOCTY IIPOU3BEIeHUAMU HC-
KyccTBa. JleKopaTuBHO-TIPUKJIaHOE NCKYCCTBO 110 CBOEH
CYTHU IIpeJCTaBJIAET HAITMOHATbLHBIE TPANUIINN, BEIDAYKAET
HaITMOHAJIBLHBIN xapakTep. IIpeimMeTs! [eKOpPATUBHO-
MIPUKJIATHOTO UCKYCCTBA ABJIAIOTCA IIeHHBIMU UCTOPUYE-
CKYMHU MIaMATHUKAaMU, II0 KOTOPBIM MbI MOX€M I'OBOPUTHb
He TOJIBKO O KM3HU 1 ObITe JII0/Iei, HO U 0 XY/I0KeCTBeH-
HOM BKYyCe, TPeAIIOUTeHNA U IIOTPEOHOCTSIX BPEMEeHN.
JexopaTUBHO-IPUKJIALHOE UCKYCCTBO KaPAKAJIIIaKOB
IIpeIcTaBIsIeT co00i eTMHBIN KOMILIEKC B3aMMOIOTIOJ-
HAOIMUX APYT APpyra XyaJoKeCTBEHHbBIX 3JIEMEHTOB.
MHoOT03HAUNTEIHLHOCTD XYAOXXEeCTBEHHOI'O MBIIIJICHUA
IIPX IIPOCTOTE M HEIIOCPEACTBEHHOCTHU BBIIIOJITHEHU A,
pasHooOpasue JeKOPaTUBHBIX (hOPM, OpHAMEHTAIBHBIX
MOTHUBOB I TEXHHWKA UX BBIIIOJHEHNA — BCE 9TO B COUe-
TaHNX C TOHKOCTB IIBETOBBIX 11 KOMIIOSUIIIOHHBIX PeEIlle-
HU IOKOPSAeT 3pUTeJId CBOe! yANBUTEIHHOU TEIJIOTOH.
JKunuie, mpenmeTsl 6bITa, 0K Ia, YKPAIITCHUSI U MH.
IP. IPeICTaBIAIOT COO0M APKOE UILIIOCTPUPOBAHUE
KYJBTYPHON HAITMOHAJIBHON 0COOEHHOCTHY KapaKaJsia-
KoB. ['0oBOps 0 eKOPATUBHO-TIPUKJIAAHOM UCKYCCTBE
KaparKaJIllIaKOB MOJXHO OTMETUTh TaAKMEe BUObI U Te€X-
HUKU, KaK BOPCOBOE KOBPOJEINe, YSOPHOE TKAUECTBO,
BBIIITUBKA (B OCHOBHOM O[€XKTbI), allIIJINKAI 1A, I0Be-
JUPHBIE YKPAIIeHU s, U3IeJInA U3 MeTajljia, TUCHeHUe
U BBIIIIMBKA 10 KOXKe, pe3b0a 1 MHKPYCTAIUA 10 IePeBy,
TKaHU py‘IHOI';I BBIJECJIKU. ITouTtu BCe BUBI IPUKJIATHOTO
MCKYCCTBA CIYKUIU PA3BUTHUIO AeKOpa IOPTHI.
Heo6x0oamMo OTMETUTSD, UTO B IIpOITecce TTO3HAHMS Ha-
POLHOTI'0O UCKYCCTBA, OLIpeeIeHHBIX €I'0 BULOB B JINUHO-
ctu GOPMUPYIOTCA TITyO0KMe 00pasHbIe TPeICTaBIeHN I,
ompenesieHHbIN CKJIAA MBITILJIEHU, XYI0KEeCTBEHHOe
BooOpasKeHUe, a uepe3 HUX pasBUBAeTCA CO3UAATEeTbHAA
AKTUBHOCTD, (DOPMUPYIOTCA 3CTETUUECKNE UYBCTBA,
CKJIAJBIBAETCA XYAOKECTBEHHBIN BKYC. 31eCh He00X O~
MO OTMETHUTH U TOT (PaKT, YTO HA (POHE IIePEUNCIEeHHOTO,
HeMaJIOBaKHBIM ABJIAIOTCSA MPOABJIEHUA PA3HOOOPas-
HBIX CIIOCOOHOCTEH — B IIePBYIO ouepenhb, HECOMHEHHO,
XYOOXKEeCTBEeHHBIX, & BMeCTe C HUMHU 1 CJIOKeHNe NHTeJI-
JeKTyaJabHbIX. «COCTaBIIAA OPTaHNUECKYIO UaCThb IIpe/i-
METHOII CPeibl, C KOTOPOIi ITOBCETHEBHO COMMPUKACAETCSA

YeJIOBEK, IIPOUBBEIeHNA JEKOPATUBHO-IPUKJIATHOTO
MCKYCCTBA CBOUMHU 3CTETUUYECKUMU JOCTOMHCTBAMU,
00pa3HBIM CTPOEM, XapaKTePOM IIOCTOSHHO BO3IEHCTBY-
10T Ha NYIIIEeBHOE COCTOSHIIE UeJIOBEKA, eT0 HACTPOeHNe,
ABJAIOTCA BAYKHBIM UCTOUYHUKOM 9MOITUH, BIAUAIOIITAX
Ha ero OTHOIIIEHYEe K OKpYysKaromeMy Mupy» [1; 212].

HerepBIBHBIM yCJI0BHEM BOBJIEUEHHUA JEKOPATUBHO-
IpuKJIagHOro uckyccrBa Kapakaiamakcrasa B mporiecc
(OPMUPOBAHUA U PASBUTHUA XYA0KECTBEHHO-TBOPUECKUX
CIIOCOOHOCTE! COBPEMEHHOM CTYAEHTOB ABJISIETCS B TIE€P-
BYIO OUepeb CCTeMa HEeIIPEePBIBHOTO 00pasoBaHud. Tak
KaK OJHOII M3 OCHOBHBIX IIOTPEOHOCTEN COBPEMEHHOTO
0011IecTBa ABJIAETCA IIOATOTOBKA BHICOKOKBAIU(DUIIII-
POBaHHBIX CIIEIIUAJIICTOB B chepe n300pasuTeILHOTO
U IeKOPATHBHO-IIPUKJIATHOTO UCKYCCTB 00/I1aTat0ImX
PasBUTBIMU XYI0KE€CTBEHHO-TBOPUECKUMU CIIOCOOHO-
CTAMMU. HereMeHHBIM Tpe6OBaHI/IeM MOMHO OTMETUTH
o0J1ajaHme BBICOKMMU ITPO(PecCUOHATLHBIMY YMEHUAMU
U HaBBIKAMU, IITPOKOI 3pyAUITreii, CIToOCOOHOCTH K TBOD-
YeCKOo mpoeccnonanbHOM AedaTenasHocTr. [loMumo sToro
BJIaOECIOIIINX HEO6XO,I[I/IMBIMI/I JIMYHOCTHBIMU KaueCTBaMU
K CaMOOIIPEIeJIEHII0, CAMOPETYIAINN U CAMOPA3BUTHIO.

PasBurne xymo:KecTBeHHO-TBOPUECKUX CIIOCOOHO-
cTell — JJINTEJbHBIN IPoIlecc, KOTOPBIN HaunHaeTCA
C paHHeTo JAeTCTBAa C IePBOil KOJALIOEIHLHOM MaTepu
U IPOJOJIKAeTCA IOPOI BCIO KU3HDb, MEHASACH HAa pas-
JIMYHBIX 3TAallaX KMU3HU B 3aBUICHMOCTHU OT U3MEHEHUA
chepsl obuTaHUA, CPEephl AeATETLHOCTH 1 0COOeHHOCTEH
XYIZ0KeCTBEHHOTO BKYyca. B aTo# ¢cBA3U GOJIBIION yIIOP
B cucTeMe oO6pa3oBaHuA HEOOXOAMMO YAEJIUTH HeTpe-
PBIBHOMY IIPOIIECCY XYI0KECTBEHHOTO 00pa3soBauud,
a JIJIA 9TOT0 He00X0AMMO 0TpaboTaTh IPeeMCTBEHHOCTD
MEXKY CTYIIeHAMU CUCTEMBI XyI0KeCTBEeHHOTO 00pa-
3oBaHUusd. Ha ceromHAMIHMY JeHb MBI CTOMM B HaUaJie
nyTu (GOPMUPOBAHUSA CUCTEMBI HEIIPEPBIBHOT'O XY A0~
JKeCTBEHHOTO 00pa3oBaHuA B ¥Y30eKucTaHe (JeTCKUHA
cajJ — IIKOJIa ¢ YIUIyOJeHHBIM U3yUeHeM n300pasu-
TeJLHOTO U NeKOPATUBHO-TIPUKJIAAHOTO UCKYCCTBA,
KOJLJIEI’K — BY3) U C YBEPEHHOCTHIO MOKXHO T'OBOPUTD,
YTO ONpeeeHHbIe U3MEeHEeHNUA 3IeCh YoKe HaMeUeHbI
1 MOK€eM F'OBOPUTH 00 OIIpeieIeHHBIX Pe3yabTaTax.

OnHAaKO 0 3HAYNTEJNbHBIX Pe3yabTaTaX TOBOPUTH
eme paHo. B megarornueckoi HayKe HeJOCTATOUHO
paspaboTaHbI HAYYHO-IeHATOTUYECKYe ITOJ0KEeHUA
IIOATOTOBKH BbICOROKBaJII/I(I)I/II_II/IpOBaHHbIX crenua-
JINCTOB C PA3BUTBIMU XYAOKECTBEHHO-TBOPYECKUMU
CIIOCOOHOCTAMUY Ha OCHOBE UCTOPUKO-KYJIBTYPHBIX
IeHHOCTeM, ¢ 003aTeIbHLIM YUETOB HAIIMOHAJIbHBIX
0c00eHHOCTE! HaPOJHOTO JeKOPATUBHO-TIPUKJIAHOTO
HUCKYCCTBA U CaMOe IJIaBHOE Ha CETOHA STO PeaIn3arnd
BBICOKOKAUYECTBEHHOM XYI0KECTBEHHO TPOAYKIIUN
CTOJIb HEOOXOAMMAS CEeTOIHA.

Hecomuenno, mapaiiessHO ¢ TEOPETUYECKUMUY 3HA-
HUAMU HeO6XOI[I/IMBI U IIPAaKTUYEeCKNEe HABBIKY, KOTOPEBIE
B 00IIlell COBOKYITHOCTH U ABJISIOTCA IIEJIOCTHBIM IIPO-
1meccoM (POPMUPOBAHUSA U PA3BUTHUA XyI0KECTBEHHO-
TBOPUYECKUX CIIOCOOHOCTEH CTYAEeHTOB CpeACcTBaAMU
IeKOPATUBHO-IIPUKJIATHOTO UCKYCCTBA.
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Ha gasaHBIX 3aHATUAX UCTOJB3YIOTCA PA3JINUYHBIE
cpencTBa, (hopMbI 1 MeTOAbI BO3LelicTBUA HaA IIPO-
mecc (pOpMUPOBAHUSA U PASBUTHUSA XYI0XKECTBEHHO-
TBOPYECKUX CIIOCOOHOCTE! CTYLEeHTOB CpelCTBaAMU
IeKOPaTUBHO-IIPUKJIALHOIO NCKyccTBa. OmHaKO He-
00X0IMMO PAaCCMAaTPUBATD JAHHOE BO3LEHCTBIE He KaK
IPOIeCC CIIeNAIbHON OPraHnu3aliul, a Kak 0co0yio
dopmy 00IIeHNsT, COTPYIHUYECTBA U CAMOe I'JIaBHOE,
COBMECTHOT'O TBOPUYECTBa. BoJIbIlIoe BHUMAHTE HYMK-
HO 00paTUTh U Ha CBOOOAY JUUYHOCTU, YAEJIA O0JIbIIIEe
BpeMeHU camopasBuTuio. CiegoBaTelIbHO, IPOIECC
JOJIXKEeH UMEeTh I/IHZII/IBI/II[yaJII/ISI/IpOBaHHBIfI, JII/ILIHOCTHblﬁ
XapaKTep, O0PAIeHHBIN B KAyKIOM CJIydae K KOHKPET-
HOMY cyOBpeKTy. HeMaioBaKHBIM (DaKTOPOM SBJISAETCS
u ipobJyiemMa obecrieueHnA KOHKPETHOTO ycIiexa B TaH-
HOM IIpoIlecce.

B mporecce npakTUYeCKUX 3aHATUAX HEOOXOIMMO
0oJIbIllee BHUMAHNE YIEIATh Ha KOHKPETHBIE YIIPasK-
HEHUS U CO3JaHNe OIPeIeIeHHbIX N3N, KOTOPhIe
CIIOCOOCTBYIOT IIOCTOAHHOMY TBOPYECKOMY IIOUCKY
¥ 3CTETUYECKOMY PasBUTUIO CyO'beKTa. 31ech He00X0-
IUMO COOJIIONATH CJIEAYIOIYIO IOCIeJ0BATEIbHOCTD:
CO3IaHe OIIPENeIEHHOI0 9MOIMOHAIBHOI'0 OTHOIIIEH IS
WHTepeca K IPeIMeTy, K ero II03HAHUIO, a 3aTEM YIKe OT
HETIOCPeACTBEHHBIX 3BHAHUH ITePeXo/i K YMEHUIO 1 Hapa-
0O0TKe OIpe/ieIeHHBIX HABBIKOB. 3[1eCh HEMAaJI0BAKHBIM
(harTOpPOM SIBIISIETCSA BHUMAHUE K HEIIPEPBLIBHOCTH CAMO-
r'0 IIpOoIlecca: OT 9MOIMOHAIBHOIO OTHOIIIEHUS CyObeKTa
K KOHKPETHOMY O0'beKTY BHUMAHUA (B JAHHOM CIydYae
OIIpee/IeHHBIN BU JeKOPATUBHO-IPUKJIALHOTO UCKYC-
CTBa KapaKaJIMaKCKOro Hapoja), OCBOCHNE U IIOHNMAHNE
HCTOPpUMN, UCTOPUU CJIIOKEHUA OIIPEJEJICHHBIX BUI0B
HApPOIHOr0 NCKYCCTBA, HApaOOTKa OIpemeIeHHbIX (DOPM
IIpeaMeTa, OTHOIIIEHNE K IIBETY, KOMIIO3UIIN, ODHAMEH-
TaJbHBIM MOTHBaM U Ha OCHOBe 3TOTO (popMUpOBaHUE
YMeHUI 1 HaBBIKOB MPAKTUUYECKOM PaOOTHI.

IIpu mocTpoeHny mporecca 03HAKOMICHUS 1 Pabdo-
ThbI C KOHKPETHBIMU U30E€JINAMUY HAPOJHOTI'O UICKYCCTBA
Heo0X0IMO COOMI0AATH eUHCTBO METOIUYECKIX PEKO-
MEHIAIIN, HA OCHOBE KOTOPBIX IIOCTPOEHA CTPYKTypa
TBOPYECKOH AeATETHHOCTH.

Ilauuble paspaOdOTKY OIPENesIsIOT HOBbIE OPUEHTUPEI
COOTBETCTBYIOI[E TPEOOBAHUAM CETOIHSIIIHEr0 JHS,
BBIpa6aTBIBaIOT HOBBI€E IIOAXO0ObI B XyOTOXEeCTBEeHHOM,
9CTETUYECKOM, IIATPUOTUYECCKOM BOCIIUTAHUU CTYyIE€HTOB
¥ IPOUCXOAUT 3TO Bee Ha (hoHe TIIyOOKOTO IPUOOIeHU A
K MCTOPUY HAPOIa, JeKOPATUBHO-IIPUKJIALHOIO UCKYC-
CTBAa, I'/le IPUPOLHAS CPeLa BEICTYIIAET B HePAa3PBIBHOM
€IMHCTBE, SIBJISAACH TBOPUECKNM NCTOYHNKOM BJINASA HA
o0pasoBaHue XyI0KeCTBEeHHBIX 00pas3oB, cueruduie-
CKMX MOTHUBOB, 9MOIIOHAJIBbHOI'0 HACTPOS.

HemamoBaskaBIM (haKTOPOM B IIpoItecce (DQOPMUPOBAHUA
¥ PA3BUTHUSA XYI0KECTBEHHO-TBOPUECKUX CIIOCOOHOCTE
CTYIEHTOB CPEJCTBAMU JeKOPATHUBHO-IIPUKJIALHOIO 1C-
KyCCTBa KapaKaJIIaKCKOIr'o Hapoza sIBJISeTCs obpallieHue
K METOJaM 3THOIIeJaroruKu. B maHHoM ciryuae Tpaguiimm
Hapoza pacCMaTPUBAIOTCS B €IMHCTBE C OOIIEKYIbTYPHBI-
MU U XYJOKECTBEHHBIMU TPAIUIINAMN 1 KaK OTParKeHue
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eJarornyeckoro omnbita. IToMmumMo 5Toro Heo0X0IMMBIM

(haKTOPOM SIBJISIETCS BKJIIOUEHUE COBMECTHO C 3THOIIEe-

AarorryeCKMMU TPaAIUIIUAMMY 1M OTHOXYAOKECTBEHHbIE

OCHOBBI MHOTOBEKOBOI MPaKTUKM. B OCHOBe JaHHOM COBO-

KYITHOCTY BO3MOYKHO COXPaHeHre HapOAHOHN KYJIbTYPHI,

ee alaTiTallus B COBPEMEHHBIX YCJIOBUAX U CAMOE TJIaBHOe

ee mepefiava CJaeayIoIeMy ITOKOJIeHUIO.

«Pemras B COBOKYIHOCTU, KaK M apXUTEKTypa,
IpaKTUYeCKUe U XyJ0KeCTB 3aJaun, TeKOPaTUBHO-
IPUKJIAAHOE UCKYCCTBO IIPUHALICIKUT OHOBPEMEH-
HO K c(pepaM CO3JaHUA U MAaTEPUATBHBIX U JYXOBHBIX
nenHocTeli. IIponsBeseHusa 1eKOPATUBHO-IIPUKJIATHOTO
HCKYCCTBA HEOTeJINMBbI OT MaTepUaIbHON KYJIbTYPhI
COBpeMeHHOfI M 3II0XH, TECHO CBA3AaHBI C OTBEYAIOIITNM
eii OBITOBBIM YKJIA[0M, C TEMU MM NHBIMU €I'0 MEeCTHBI-
MU STHUYECKUMU 1 HAITMOHAJIbHBIMI 0006eHHOCTﬂMI/I,
COIIMAIbLHO-TPYIIIIOBLIMY ... pa3iuuuamu» [1; 212].

B npormecce popmMupoBaHUa 1 pa3BUTUA XYI0-
JKEeCTBEHHO-TBOPUECKUX CIIOCOOHOCTEH CTYAEeHTOB
cpelcTBAMU MEeKOPATUBHO-TIPUKJIAIHOTO UCKYCCTBA
KapaKaJamaKCKOT0 Hapoa TOJKHBI ObITH YUTEHBI BOC-
mUTaTeJbHBIE U 00pa3oBaTeibHbIe (PYHKIINYT HAPOIHOTO
MCKYCCTBa, KOTOPbIE ABIAIOTCA (PyHIaMEHTAJIbHBIMUI
mJacTaM¥ HapOAHOM, XYI0KEeCTBeHHOU KYJIbTYPHI.
JlaHHBIN TPOIIECC JOJKEeH BKJIIOUATH B ce0A BCe aCTIeKThI
HapomHOro Bocnutanud, npupoxny (Hemxosek-IIpupozna-
Kynasrypa), cioBo, Tpya, obIlieHne, Tpaguiium, oobuan,
MCKYCCTBO, PEJIUTHUIO, U KOHEUHO CPeJICTBa HAPOIHOMI
eJaroTUKY — IIOCJIOBUIIBI, 3aTalKM, IeCHU U CKa3KU.

3HaKOMCTBO CTYIEHTOB C MUPOM IPEKPACHOTO, Yepes

TIPOIIecC eTO BOBJIEUEHNUA B JeKOPATUBHO-TIPUKJIAAHOM

HMCKYCCTBE, CIIOCOOCTBYET eT0 TAaPMOHUYECKOMY CJIOMKE-

HUIO, KaK JUYHOCTHU, TAK U COAEHCTBYIOT JaJbHEHIIIeMY

BBIOOPY ero mpodecCuOHATBHOM TeATeTbHOCTH.

PaspabaTbiBasd BOIIpochl mpoiiecca PopMUPOBAHUA
¥ Pa3BUTHUA XY A0KECTBEHHO-TBOPUECKUX CIIOCOOHOCTEH
CTYIEeHTOB HEOOXOAMMO OIIPeeIUTh OCHOBHBIE 3a1aun:
® OCHOBHBIM SBJIAETCS IPOIIECC IPUOOINEeHNA K acTe-

TUUYECKOU KYJIbTypPe U KOHKPETHO K TeKOPaTHUBHO-
IPUKJIATHOMY UCKYCCTBY Ha ITIOCTOSTHHOM OCHOBE;

e BOBJIEUEHUE B CaM ITPOIECC XYI0KeCTBEHHO-TBOPUEeC-
KOMH IesATeJbHOCTH;

e HA OCHOBE IIPUOOIIEHN K IIPOIIeCCY XYI0KeCTBEHHO-
TBOPYECKOU AeATeTbHOCTH (JOPMUPOBAHIE U PA3BUTIIE
IYXOBHBIX KAQUeCTB, 9CTETUUECKOTO BKYCAa;

e pasBuBasA (paHTA3UIO CTYEHTOB, COJAEHCTBOBATh UX
CO3IaHUI0 HOBBIX IIPEIMETOB BOCTPEOOBAHHBIX CO-
BPEMEHHOCTHIO HA OCHOBE HAPOJAHBIX TPAAUIIUI U UC-
KycCCTBa, BBIpaﬁoTaTb IIPUBBIYKY BHOCHUT 3JIEMEHTHEI
TIPEKPACHOTO B OKPYKAIOIIYIO YKU3Hb.

Jlis pernieHnss HaMeUYeHHBIX 3a/1ad, HEOOXOAUMO
HaMeTUTh HAIIPaBJIeHUA B pabore:

e TIepBOe, pacITupPeHHOe 3HAKOMCTBO C JeKOPaTUBHO-
TPUKJIATHBIM NCKYCCTBOM KapaKaJIITaKCKOTO HapoJa
Ha IIOCTOSAHHOI OCHOBE;

e BTOpOE, BHAKOMCTBO C CHUMBOJIMKOM HAPOJHOTO UCKYC-
cTBa (9TO KacaeTrca (popM IpeaMeTa, ero IBEeTOBOTO
¥ KOMIIO3UITMOHHOTO PEIeHUs U T.1.);
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® TpeThe, IPOBeJeHe TJIyOOKOTO NCTOPUUECKOTO, DT-
HOTrpapUUIecKOoTo U UCKYCCTBOBEIUECKOTO aHaam3a
IeKOPaTUBHO-TIPUKJIATHOTO UCKYCCTBA KapaKaJIlak-
ckoro Hapoza[2, c. 101-103].

JexopaTuBHO-TIPUKJIATHOE UCKYCCTBO TJTyOOKO BO3-
melicTByeT Ha mpoiecc GOPMUPOBAHUSI U PA3BUTUA
XYI0KEeCTBEeHHO-TBOPUECKUX CIIOCOOHOCTEI CTYIeHTOB,
o0J1azast HDaBCTBEHHOM, 9CTETUYECKOM, TT03HABATEIb-
HOM ¥ BOCIUTATEJIbHON I[eHHOCTBIO, BOILIOIIAasA B cede
WCTOPUUECKUH OIBIT MHOTUX ITOKOJIEHIH KapaKaJmaK-
CKOTO HapoJa 1, CJIeJ0BaTeJIbHO, PACCMATPUBAETCSI KaK
YacTh MaTepPUAIbHONU KyJIbTyphl. O0amas criemuuKoin
00pa3HO-3MOITMOHAJILHOTO OTPAKEHUA MUPa, HAPOTHOE
HMCKYCCTBO Uepes ompeiesieHHbIe (DOPMbI, ITBETa 1 KOMIIO-
BUIMIO OKA3bIBAET CUJIbHOE BIUIHNE Ha (DOPMUPOBAHLE
auuHocTu. [ToMuMO 9TOTO Uepes IpUOOIIeHre K MUDY
IIPEeKPaCHOTO, 3CTETUYECKOTO 1 XY I0KECTBEeHHOTO pas-
BUTUA CyOBEKTa, JeKOPATUBHO-IIPUKJIATHOE NCKYCCTBO
IPOoOYKAaeT B IUYHOCTU OTIpeIeIeHHbIE TPeCTaBIeHUA
o Ponune, TeM caMbIM BOCIIUTHIBAA MATPUOTUUECKOE
OTHOIIIeHUe 1 yyBcTBa [3; 5—T].

IIpomecc (hopMUPOBaHUA U PABBUTUSI XYT0KECT-
BEHHO-TBOPUECKUX CIIOCOOHOCTEM CTYIeHTOB CpefcTBa-
MU AeKOPATUBHO-IPUKJIAAHOTO UCKYCCTBA BO MHOTOM
OCYIIIECTBJIAETCA CIENYIOIINM 00pa3oM:
® BKJIOUEHNE TPAAUIINHA HAITMOHAJIBHOMN XY I0KEeCTBEH-

HOU KYJBTYPHI M HAPOJIHON MeJaroruKu B CUCTEMY
00111e00pa30BaTEeIbHBIX 3aHATUHN;

e opraHmianud Ha ITOCTOAHHON OCHOBE 3KCKYPCHUIH 110
WCTOPUY, STHOTPA(UM, JeKOPATUBHO-TTPUKJIATHOMY HC-
KyccTBy B ['ocyapcTBeHHBIN My3€ell UICTOPUU U KYJIbTY-
pu1 Kapakanmakcrana, Kapakammakckuii rocyzapcTBeH-
HBII My3el UCKYCCTB, My3ei uM. Bepmaxa u npyrue;

® TIPOBeMeHMe S9KCKYPCHU B My3eaX IIPOXOIUT B CBOOOTHOE
BpeMA. 1714 TOro 4TOOBI MOJIOZE)KE ObLIa 3aHTEPECOBA-
HAa B IOXO/T B Pa3INYHbBIE My3e1 He00X0IMMO IePUOIU-
YeCKHU OPraHU30BBIBATD JAHHBIE MEPOIIPUATHIA, UMEHHO
HapaboTKa MOOOHBIX TOJIE3HBIX HABLIKOB BIpAOOTaET
B CyO'BEKTE UHTEPEC, a B JAJbHEHNIIeM U ITOHUMAaHue
uckyccTB. TeM GoJiee ecaiu SKCKYPCUS TPOBOIUTHCS
C BKCKYPCOBOZIOM, KOTODBIN CIIEITNATN3UPYETCA HA U3Y-
YeHUY KOHKPETHBIX BUIOB HAPOTHOTO UCKYCCTBA. OKC-
Kypcus B JTaHHOM CJIyuae Ipu3BaHa Yepes3 3pUTETbHbBIN
P BBI3BATH SMOITMOHAIBHBIN OTKJINK Y CTYAEHTOB;

e TIOCeIlleHre MaCTePCKUX PEMECIeHHUKOB U TPeATIPU -
TUH, 3BaHUMAOIINXCA XYI0KECTBEeHHBIM ITPOMBICJIOM;

e IIpOBeJleHNe CepUU 3aHATUY B HeTPAAUIIIOHHOH (hopme
¢ BKJIIOUEHHEM 3JIEMEHTOB HAPOIHOM ITeJaroruKu’ o
cnenkypcy «Hapomubie TpaguIlnoHHbBIE JEKOPATHUBHO-
TIPUKJIAIHbIE BUALI NCKYyccTBAa Kapakanmakcrana» Kak
YHUBepCaJbHOE CPEICTBO AJIS JOTOJHEHUA eJaroru-
YeCKUX ¥ METOOUYECKUX YMEHU IJIs BOCIUTATe e,
yumuTeJIed 1 IpemnoiaBaTesiei;

e crucTeMaTHUUecKas OpTaHU3aIIUA UCCIeI0BATETbCKOMI
paboTHI 1 ee poIaraHa B IIeJIsIX COXPaHEeHUA U pas-
BUTHS TPAIUIIMOHHON KYJIbTYyphl KapakanmakcraHa;

e TIpOBeJIeHNE ATHOTPAQUUECKUX 1 NCKYCCTBOBEIUECKUX
9KCIIeAUIINI B palioHbl pecyoauku [4, c. 94-95].

Hauable MeponpuATIA OYAYT CIIOCOOCTBOBATEH 3a-
WHTEPECOBAHHOCTH CTYAEHTOB HAPOAHBIMU TPaAAUITN-
AMU, ee BIUAHUA Ha CEMbIO, U, CJIeIOBaTEeIbHO, IIPO-
WCXOIUT HAJAYKUBaHUE CBA3U MEXKAY COOCTBEHHBIMU
IIPeaAIoOYTEeHNUAMHN B UICKYCCTBE U 3aHATUAMU CBOUX
npeakoB. Kak pe3yabTaT BOCIUTATEIbHOE 3HAUCHTE
3aMHTEePECOBAHHOCTDb U3YUEHUA HAPDOOHBIX BUOOB
IeKOPaTUBHO-TIPUKJIATHOTO UCKYCCTBA, U Ha OCHOBE
9TOT0 (DOPMUPOBAHUSA OIIPEeIEHHBIX 9CTEeTUUYECKUX
TMO3HAHUM 1 Pa3BUTUSI XYI0KEeCTBEHHOTO BKyca.

B JAaHHOM CJIyuae IIpaBUJIbHOE IIOHMMAaHMe II0OBe-
IeHUsd, 9CTeTUUYECKUX IIPEeIIOUTeHU, a TAKIKe 0CO-
6EeHHOCTH TBOPUECKOII MBICIUTEILHOMN JeATeILHOCTHI
CTYAEHTOB B JaHHOM IIPOIlECCe TO3BOJUT CO3IaTh Iie-
JIOCTHYIO KapTUHY BO3MOKHOI CCTEMbBI OPTaHU3AIINHT
BOCIIUTATEJBHOMN 11 00pa30BaTeIbHOM TeATeTHbHOCTH.

PasBuTHuio Xxymno:KecTBeHHO-TBOPUECKUX CIIOCOOHO-
cTen CTYAEHTOB IIPEIIATCTBYIOT BO MHOT'OM 1 OTPBIB OT
MCTOPUYECKH CJ0KUBIIUXCA 00bIUAEB, TPATUIINI, XY I0-
JKeCTBEHHBIX IeHHOCTEH 1 IPMOOIeHre K BpeMEeHHBIM
CTNJIN30BAaHHBIM (I)OPMaM COBPEMEHHBIX H_Iaﬁ.TIOHHbIX
TPpaAUINi BbIJaBaeMbIX 38 MHOTOBEKOBBIE HAPOAHBIE
TpaguIluu.

OpHaKO TOTPEOHOCTHI0 COBPEMEHHOTO YeJIOBeKa
00J1a1a10ITeT0 PA3BUTHIM XYI0KECTBEHHBIM BKYCOM
ABJAETCSA HAJIUUNE B OKPYIKAIOIIEM eT0 OBITE «0COOeH-
HBIX», «HEIIOBTOPUMBIX » PYKOTBOPHBIX BeIleii. ITO
CBA3aHO C T€M, UTO JaHHbIE IIPEAMEThI YTUJIUTAPHOTO
HasHAUYEeHUA U caMoe TJIaBHOe 00J1a1af0Ie BLICOKOXYI0-
JKeCTBEHHBIM XY/IOKE€CTBEHHBIM CBOCTBAMU SABJIAIOTCS
3HAKOBOM BeJII/I‘II/IHOfI, IICUXOJIOTUYECKH BOCIIPMHUMAae-
MbIe YeJI0BEKOM KaK CTa0UIU3UPYIOINH, TOCTOIHHBIN
(daKTOpP HEM3MEHHOTO B OBICTPO MEHAIOIIeMCSI MUPE.

Brisoasl. HecomHenHO, ciienyroIiee, B 1eKOPATUBHO-
MPUKJIATHOM UCKYCCTBEe KapaKaJanaKCKOro Hapoaa,
MTPOUCXOMAT UBMEHEHU S, HECMOTPSA Ha HEKOTOPHIe MO-
MEHTBI CTUJIN3all 1 YTPUPOBaAHUA HAITMOHAJBbHBIX
ocobeHnHoOCTel. IMes TOJATyI0 UCTOPUIO, TaHHBIN BU
HMCKYCCTBa UMeeT KOJ0CCATbHBIE BOSMOKHOCTH IJIA Pas-
BUTUSA, U TOTOMY JaJbHEHUIINeE NCCIe0BaHNUI aBTOPA
IIPEeIIoJIaraloT pacCMOTPEeHMe CUHTe3a 1300pasuTeb-
HBIX 1 J€KOPaATUBHO-IIPUKJIAIHBIX BUJOB NCKYCCTBA.

IIpoBemenHbIN aHATM3 TPOOIEMBI OCOOEHHOCTEH hop-
MHUPOBAHUA U PA3BUTUA XYIOOKECTBEHHO-TBOPUYECKUX
CIIOCOOHOCTeIT CTYIeHTOB CpeICTBaAMU AeKOPATUBHO-
MIPUKJIaAHOTO UCKYCCTBAa KapaKaJIIaKkCKOro Hapoa,
TI03BOJINJ OTIPEIeJIUTD POJIb 1 3BHAUEHUEe TeKOPAaTUBHO-
MPUKJIATHOTO UCKYCCTBAa KapaKaJamaKCKOro Hapoaa
B IaHHOM IIpOIfecCe, BBIABUTH OCHOBHBIC TEHACHIIUN
1 HalIpaBJIEHUA I[&JIBHGIZHIGI‘O pa3BuUTHUA BUAO0B HAPOL-
HOT'O TeKOPATUBHO-TIPUKJIAJHOTO UCKYCCTBA C YUYeTOM
U3MEeHEeHUA TPOUCXOMAIINX CeTOTHSA, a TaKKe IPeaIo-
JIOXKUTh HEKOTOPhIe IePCIeKTUBLI PAa3BUTHUA JAHHOTO
BOTIIpOCA.
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THE PROBLEM OF CONFLICTS IN ADOLESCENT PSYCHOLOGY
WITH TEACHERS AND PARENTS

Summary. The article highlights the conflicts in the school that occur both through the fault of teenagers and
teachers. In most cases, teenagers and teachers give different reasons for the conflict, and everyone is sure that
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they are right. The “ideal” teacher should be able to present material and maintain discipline in the classroom, be
objective and be able to extinguish conflicts at the stage of their origin.

Key words: teenager, teacher, conflict, parents, age.

11 boys and girls face the peculiarities of adoles-

cence (for girls this period begins 1-2 years ear-
lier). Depending on individual characteristics and
upbringing, the transitional age can proceed relatively
smoothly or be accompanied by numerous conflicts. The
crisis of adolescence — the difficulties and conflicts
that arise in the process of becoming a teenager and
the struggle for independence. A crisis occurs when
a child is infringed in a family or team, and he has to
regain his independence, fight for status in a group.

The crisis of “difficult age” can be avoided if you and
your child can negotiate and compromise. It is advis-
able to build a trusting relationship with the child, to
nurture responsibility for his actions in him, to teach
adult behaviors before adolescence. But if you want
both sides, contact can be made at any age. For this,
parents need to show respect for the grown-up child,
be prepared to make concessions, but firmly uphold
the boundaries that it is forbidden to cross.

Raising a teenager is not an easy task. Parenting
methods that have worked well for the child are now
losing their effectiveness. Excessive severity provokes
conflict and estrangement; a teenager stops sharing his
feelings with parents. The connivance, indulgence in
the desire of a teenager and lack of control also entail
problems (absenteeism at school, antisocial companies,
alcohol and drug use).

The best option is to communicate with the teen-
ager kindly and calmly, as with an adult. The task of
parents is to love and support the child in this difficult
period for him. At the same time, you should be ready
to show patience and firmness in order to categorically
say “no” where it is required. Moderate severity gives
the teenager a sense of security.

The main causes of conflict between adolescents and
parents. The struggle for freedom. The teenager feels
himself an adult, sees the changes taking place with his
body, adopts the behavior models of older acquaintanc-
es. He believes that growing up gives him the right to
do what his parents previously forbade. He can start
smoking, consume alcohol and return when he sees
fit. The reaction of parents — fears for the child, an
attempt to protect from danger and defend their status.
As aresult — screams, prohibitions, punishments.

A constructive solution to this conflict is to provide
the teenager with that freedom and those rights for
which he is ready: to let go if he comes in time, to allow
friends to be brought in without his parents, if there is
order after their departure. It is important to calmly
and firmly explain to the child that he may lose this
right if he violates the agreement.

Attention! Before you give freedom, you must be
sure that the child has learned the prohibitions (do not
go to a construction site, do not take strangers, do not
go with strangers, do not take drugs, etc.) Only in this
case, freedom will be safe for him.

Disobedience, rudeness and rudeness towards
parents. Teenagers deliberately try to devalue the
authority of their parents by showing disobedience.
Rudeness can have several explanations. First, the
teenager understands that it is time to separate, and
it is emotionally easier for him to keep his distance
with the person with whom he has a strained relation-
ship. Second, parents adhere to a strict upbringing
style, provide the child with little freedom, humiliate
him, not believing in his strength and talents. In this
case, aggression is a natural attempt to protect one’s
self-esteem, which at this age is very vulnerable and
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important for him. Explain to your child that rudeness
and rudeness towards you are unacceptable. You can
negotiate with your parents if you show respect.

Permissiveness, lack of attention from parents. It is
important for a teenager to know that he is loved and,
if necessary, he is provided with comprehensive sup-
port from his parents. Also, for psychological comfort,
it is important for him to know where the boundary
between “can” and “impossible” is. Impunity leads to
disobedience and violation of norms becoming habitual
behavior. In adolescents with an unstable psyche amid
stress and troubles, a lack of parental attention can
provoke an attempt at suicide.

The requirement to purchase something. “Like
others” things allow a teenager to join a group and
become his own. In a teenage environment, clothing and
gadgets are a sign of status or subculture. For many
adolescents, their presence determines membership
in the caste. It is useless for parents to convince their
children that external attributes do not play a big role.
Understanding this comes with experience. Tell the
child that you understand his desires, but so far there
is no way to fulfill them. As a compromise, you can
offer to start saving a certain amount for the purchase.

Communication with “problem” friends. Significant
and authoritative people for a teenager do not always
deserve the approval of their parents. You can tell your
son or daughter about your attitude to this person, if you
have strong evidence. This does not mean that the child
will heed your words, but he will know about the short-
comings of his idol. An alternative is to try to change
the social circle of the camp, sports sections, studios,
master classes. Create conditions for the teenager to
make new friends. The more communication experience
he has, the faster he will learn to understand people.

Decrease in academic performance. Middle and
high school are in a difficult period, not everyone can
master the program perfectly. It is also necessary to
take into account age-related features (hormonal surg-
es, impaired blood circulation in the brain, neurotic
behavior). Adolescents of both sexes suffer from de-
creased attention, creativity and memory impairment.
In adolescent boys, relationships with teachers are
exacerbated by disobedience bordering on challenge.
You can improve academic performance by motivating
a child to enter a university of his choice. If motivation
is not enough, then classes with a tutor can help.

Inaccuracy and refusal to do housework. The atten-
tion of adolescents is focused on communication with
peers and a comprehensive assessment of themselves.
Maintaining order is of little interest to them; this is

a common problem. You can solve it by agreeing with
the teenager and regularly reminding him of the order.
Over time, maintaining cleanliness will become a habit.

A cardinal change in appearance. A change of image
is not always approved by parents. For teens, piercing,
changing hairstyles and clothing styles is a way of
self-expression, self-affirmation, an attempt to impress
others and please oneself. Treat the child’s aspirations
with understanding, do not be categorical.

The causes of conflicts between teenagers and teach-
ers are:

Lack of respect for the teacher. The teenager con-
siders the presentation of the material boring, and the
teacher is not an authority for him. This can happen
due to the low qualification of the teacher or the high
training of the student. If a teenager demonstrates his
position in a lesson, in front of other students, then
this will inevitably lead to conflict.

Discipline at school. A teenager behaves improp-
erly in a lesson or at a break, this may be an attempt
to strengthen his status among peers by confronting
with a teacher. It spoils school property, skips classes,
behaves aggressively towards other students — this
can be an expression of internal conflicts.

Poor homework, failure to work in the lesson.

The teacher’s attempt to resolve the conflict between
students when the teacher takes the position of one of
the parties.

Unfair teacher attitude. Biased assessment of
knowledge and rudeness on the part of the teacher
insult the adolescent.

The student’s inappropriate appearance. Ignoring
the requirements for appearance, school uniforms,
bright makeup — these are ways of expression that
are considered unacceptable in most schools.

In practice, conflicts at school occur both through
the fault of teenagers and teachers. In most cases,
adolescents and teachers name different causes of
the conflict and everyone is confident that they are
right. For example, the teacher is outraged that the
student broke the lesson, and the teenager believes
that he was explaining and showing rudeness poorly
and uninterestingly.

An “ideal” teacher must be able to present material
and keep discipline in the classroom, be objective, and
be able to extinguish conflicts at the stage of their
inception. However, in practice, not many succeed. If
the school conflict has dragged on, talk to the teacher.
Do not conflict, but try to calmly find out his position.
Remember that with your behavior you show your child
a model for constructive conflict resolution.
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TARGET FUNCTIONS OF OPTIMIZATION
OF HEAT RECOVERY SYSTEMS

Summary. The expenditure of energy resources on industrial production in Ukraine, as a rule, significantly exceeds the world
average, therefore, the creation of effective equipment for power plants of different types is an important and urgent problem.
A necessary condition for increasing the efficiency of equipment is thermodynamic optimization. Its main problems include the
selection of optimization target functions that can be used to solve optimization problems.

The aim of the work is to develop the basic principles for constructing optimization target functions necessary for solving
optimization problems in heat recovery systems.

The results of the analysis of the target functions of optimization of power plants, the construction of which is based on
the use of exergy methods, are presented. Based on the analysis, the main principles for constructing the indicated functions
necessary for solving optimization problems in heat recovery systems have been developed. An integrated approach to the con-
struction of target functions is proposed. This approach allows to evaluate its performance from various positions when analyz-
ing the efficiency of heat recovery equipment. As optimization target functions, criteria that are highly sensitive to changes in
the design and operation modes of the heat recovery system and allow you to establish the necessary functional dependencies
are proposed. An example of the application of the optimization target functions the parameters of a contact plate air heater
included in the combined heat recovery system of a boiler plant designed to heat water and blast air is given.

Key words: objective function, optimization, heat recovery.

Relevance. The problem of saving fuel and energy
resources affects more and more manufacturing
enterprises in Ukraine. The expenditure of energy re-
sources for industrial production in the country, as a
rule, significantly exceeds the world average, therefore,
the creation of effective equipment for power plants
of various types is an important and urgent problem.
A necessary condition for increasing the efficiency of

equipment at the stage of developing technical solu-
tions is thermodynamic optimization. Among its main
probles is the selection of optimization target functions
that can be used to solve optimization problems.
Analysis of recent research and publications. In
recent years, in world practice, efficiency analysis and
optimization of various power plants are increasingly
carried out using exergy analysis methods [1-8]. Thus,
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in [Valencia G., 2019], for the various heat recovery
schemes of engines using natural gas based on the or-
ganic Rankine cycle, the results of energy and exergy
analysis are presented. A thermodynamic model for
evaluating the characteristics of each circuit is pro-
posed, and the optimal heat recovery scheme and its
optimal operational characteristics are found. The work

[Fontalvo A., 2017] is devoted to exergy analysis and

thermodynamic optimization of low-quality heat sourc-

es for generating electricity, which can be converted
into mechanical energy and electricity using small-scale

organic Rankine cycles. In the work [Sahin A., 2014],

it was noted that using the methods of exergy analysis

it is advisable to determine those stages of the tech-
nological process for which optimization is possible.

In the majority of the works under consideration,
exergy efficiency and exergy losses are used as objec-
tive optimization functions. Using only the exergy
approach to the analysis of the efficiency and opti-
mization of power plants often does not reflect some
important points of the processes under study. There-
fore, the works [Fialko N., 2016], [Fialko N., 2017],
[Fialko N., 2018], [Fialko N., 2019] are devoted to the
application of the exergy approach to the creation of
complex methods combining exergy analysis methods
with other modern research methods. Further work
in the direction of improving the processes of optimi-
zation of power plants, in particular, heat recovery
systems will significantly increase their efficiency.

The purpose of the work and research problems. The
aim of the work is to develop the basic principles for
constructing optimization target functions necessary
for solving optimization problems in heat recovery
systems.

To achieve this aim it is necessary to solve the fol-
lowing tasks:

— to analyze the various target optimization functions
for power plants;

— to develop the basic principles for constructing opti-
mization target functions that can be used in solving
optimization problems for heat recovery systems;

— in accordance with the basic principles, to propose
an approach to the construction of target optimiza-
tion functions, which allows, when analyzing the
efficiency of heat recovery equipment, to evaluate
the operation of the system simultaneously from
several positions;

— to propose criteria as optimization functions that
are highly sensitive to changes in the design and in
operation modes of the heat recovery system and
allow establishing the functional dependences nec-
essary for optimization.

Materials and research methods. Integrated ap-
proaches based on methods of exergy analysis were
used to develop the basic principles for constructing
target functions for optimizing heat recovery systems.

Research results and discussion. Modern heat re-
covery systems are, as a rule, part of complex power
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plants in which various types of energy are used. For

the quantitative reflection of the interactions occur-

ring in such facilities, a mathematical model is needed,
which should:

— to reflect the physical characteristics of the con-
version of various types of energy in a power plant
under various modes of its operation;

— to provide the opportunity to obtain a formalized
procedure for modeling, analysis and solving prob-
lems of energy conservation;

— to provide verification of the presence or absence of
emergent properties of the installation and display
its interconnectivity;

— to provide the ability to solve optimization problems
both for the entire installation, and for its individ-
ual elements.

To obtain the indicated mathematical model as
applied to heat recovery systems, the use of the con-
cept of an exergy analysis method can be considered
thermodynamically justified. In accordance with this
concept, a full analysis of complex real processes in
heat recovery systems should include:

— material balance, allowing to determine the amount
of working fluid involved in each individual process;

— heat balance, with the help of which the amount of
heat removed or supplied in each process is deter-
mined;

— exergy balance, which allows to determine the ef-
fectiveness of each process from the point of view
of obtaining the most useful work, as well as the
loss of performance in each process caused by one or
another real irreversibility of the processes;

— search for optimization target functions using the
results of solving the system of balance equations.

Currently, when evaluating the performance of
power plants, including heat exchange equipment, as a
rule, one approach is used: thermodynamic, heat engi-
neering, technological, exergy, economic. In the exergy
approach, various variants of the exergy coefficient of
efficiency are most often used as optimization target
functions. It includes either total exergy flows at the
input and output of the system, or useful and expended
exergy, or exergy that does not undergo qualitative
transformations in the system, and so on. The exergy
coefficient of efficiency, determined using one of these
methods, often does not reflect some important points
of the studied processes. For example, it does not take
into account the purpose of the process, the ambiguity
in the interpretation of beneficial effects and expendi-
ture. With its help, it is impossible to localize exergy
losses and determine the causes that caused them.
Therefore, it is advisable to use integrated approaches
in assessing the performance of power plants. Such an
approach is the exergoeconomic approach, when apply-
ing it, the combination of price indicators of exergy
and total cost indicators of capital investments are
usually chosen as the objective optimization functions.
However, the exergoeconomic approach does not take



// International scientific journal «Internauka» // N2 3(83), vol. 1, 2020

// Technical sciences //

into account information about the heat engineering

and technological properties of the system.

To construct optimization target functions nec-
essary for solving optimization problems in heat re-
covery systems, the following principles have been
developed that combine the basic requirements for
these functions:

— using the optimization target functions, it is neces-
sary to evaluate the operation of the heat recovery
system simultaneously from several positions;

— target optimization functions should be highly sen-
sitive to changes in the design and operation modes
of the heat recovery system;

— these functions should provide the ability to obtain
the necessary functional dependencies on the struc-
tural and operational parameters of the system;

— the target optimization functions should serve to
verify the emergent properties and interectivity of
the heat recovery system.

Evaluation of the operation of heat recovery systems
with thermodynamic, heat engineering and technolog-
ical positions is possible using an integrated approach
to the construction of target optimization functions.
Such an approach involves the inclusion in the tar-
get functions of optimizing the main characteristics
of the system, in particular, exergy characteristics
that are highly sensitive to changes in operating and
design parameters. Based on the above principles of
construction, exergy criteria are proposed as target
optimization functions for heat recovery systems of
boiler units and glass melting furnaces, as well as their
individual elements, which include exergetic losses E ,
heat power @ and specific material consumption. Using
these criteria, it is possible to evaluate the operation of
the heat recovery system from various perspectives, to
establish the necessary functional dependences on the
parameters of the system, for example, based on statis-
tical methods of the theory of experimental design, and
determine their optimal values. The use of optimization
algorithms for the theory of experimental design, as
well as taking into account the characteristics of power
plants and a specific heat recovery scheme, allows,
based on the values of the optimal parameters, to find
the optimal areas for changing the parameters.

An example of applying the optimization target
function to optimize the parameters of a contact plate
air heater is given. The air heater is included in the
combined heat recovery system of the boiler plant,
designed to heat water and blast air. As an target op-
timization function, a heat-exergy efficiency criteri-
on was used ¢=E/Q . Using the experimental design
methods, functional dependences of € were obtained
on the width of the heater plate a and the height b for
a fixed optimal distance between the plates s = 5,5 mm
for various values of the ambient temperature ¢,. The
minimum of the received functions corresponds ¢, the
maximum efficiency of the air heater. The resulting
dependencies are as follows:

t,=—5°C

£=0,89-4,07-10*a+1,07-107a?-3,98-10*b +
+1,38:107b2+2,32:-10%a b,

t,=0°C

£=0,568-3,54-10*a+1,19:107a%-1,75-10°b +
+3,77-10°b2+2,43-10%a b,

t,=5°C

£=0,42-2,49-10*a + 8,54-10%a%-7,90-105b +
+3,61-10°p248,84-10 a b.

Using one of the optimization algorithms of the
theory of experimental design, namely, the method of
canonical transformations, allows you to get a visual
representation of the geometric interpretation of the
surface of functions in the minimum. The equations
are representable in canonical form:

t,=—5°C

£—2,73-1071=1,42-10" a? + 1,04- 107 b2,
t,=0°C

&—3,03-101=1,19-107a? + 3,79-10° b2,
t,=5°C

£€—2,12-101=8,54-10%a2+ 3,37-1071°p2,

The interpretation of the response surface in the
region of the minimum in all cases is an ellipsoid de-
pression, and the contour curves in the region of the
minimum for various values of the response function
are ellipses. The coordinates of the centers of the con-
tour curves are the optimal values of the parameters
a and b. The values of these coordinates and the cor-
responding values of the heat-exergy criterion are as
follows: at t,=—-5°C —a =1770 mm, b = 1290 mm,
£=10.270; at t,=0°C —a = 1460 mm, b = 1850 mm,
£=0.303;att,=5°C —a=1410 mm, b = 2000 mm,
¢ =0.330. In fig. 1 shows a graph of the dependence
and the corresponding contour curves for the air heater
under study at ambient temperatures ¢, = 5°C.

The distance between the contour curves of the
response surface within the specified change in the
response function and the distance of the curves from
the center for parameter b is significantly greater
than parameter a. A slight change in the function of
the hail with a change in the corresponding parameter
allows us to expand the interval of its change during
the design of the heat-exchange surface. Whereas a
significant change in the function of the hail with a
sufficiently small change in the parameter makes it
necessary to adhere to the exact values of the optimal
parameters when designing. This means that the per-
missible optimal intervals for changing the parameter
b can be extended. For the presented case, the optimal
intervals for changing the parameters are:

1300 mm <a< 1500 mm; 1500 mm <b< 2000 mm;

5mm <s< 6 mm.

The scientific novelty of the results. For the first
time, using an integrated approach based on exergy
analysis methods and exergy criteria, the basic princi-
ples for constructing optimization functions necessary
for solving optimization problems in heat recovery
systems have been developed.
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Fig. 1. The dependence of the heat-exergy criterion of € on the width of the plate a and height b
at s =5,5mm for ¢, = 5°C; and contour curves in the optimum region: 1 — ¢ = 0,335, 2 - 0,340, 3 — 0,345

Practical value. As target optimization functions
for heat recovery systems of boiler units and glass
melting furnaces, as well as their individual elements,
exergy criteria have been proposed, with the help of
which the optimal areas of variation of operating and
structural parameters are determined.

Conclusions

1. The analysis of the target functions of optimi-
zation of power plants, the construction of which is
based on the use of exergy methods.

2. On the basis of the analysis, the basic principles of
constructing target optimization functions necessary
for solving optimization problems in heat recovery
systems have been developed.

3. A comprehensive approach to the construction
of target optimization functions is proposed, which

allows, when analyzing the efficiency of heat recovery
equipment, to evaluate the operation of the system
from various positions.

4. As target optimization functions, criteria are
proposed that are highly sensitive to changes in the
design and operation modes of the heat recovery system
and allow you to establish the necessary functional
dependences on the system parameters to find their
optimal values.

5. An example of applying the optimization target
function to optimize the parameters of a contact plate
air heater is given. The air heater is included in the
combined heat recovery system of the boiler plant,
designed to heat water and blast air.
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AOCIIKEHHA EKCNAYATALIAHUX NAPAMETPIB
YCTAHOBKU BUJObYBAHHA HA®TU
HA MATEMATUYHUX MOJENAX
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NMAPAMETPOB YCTAHOBKW AObbIYN HEDTU
HA MATEMATUYECKUX MOAENAX

RESEARCH OF EXPLOITATION PARAMETERS
OF INSTALLATION OF OIL PRODUCTION
ON MATHEMATICAL MODELS

AHoTauif. Po32/19gaeTbcsi gUHAMIKa pyxy LWITAH20BOI CUCTEMM i [ITyHXepa yCTAHOBKM CBEPGIOBMHHO20 00IAgHAHHS s
MATUYHI MOgeni MPoLecy Ha pi3HuX Pasax i NpuBOgaTbLCA pe3yabTaTy iX peaniaavii uncnoBummu metogamu. [ipoBegeHnsi aHani3
guHamikn poboyo20 nNpouecy go3BoaMB OLIHUTI XAPaKTep pyxy KOJNOHW Mpu Pi3HWX BAPIGHTAX BENYMHI CUJI, LLO GiloTb HA
CHCTeMy, WO MA€E BAX/IMBEe 3HAYEHHsI NP eKCriyaTavii 061agHaHHSI.

Knio4oBi cnoBa: cepgnosuHHe 061agHaHHs gasi BgobyTKy HaPTH, MaTemMaTnyHa Mogesb, gUHAMIKA, XapakTep pyxy.

AHHOTAUMA. PGCCMGTPMBGBTCH gUHAMUKG gBVOKeHns LLITAH20BOM CUCTeMbl 1 MnayHxepa yCTaHOBKN CKBAXKNMHHOCO O60py-

goBaHus g gobblum HedTh nog gericTBuem Cuj, gesicTBYIOLMX HA 371eMeHTbl KOHCTPYKLUMM B MpoLecce ee SKCrayaraumm.
B pe3ynbTare nocTpoeHbl Marematndeckue Mogean npoLecca Ha pasHbix $asax 1 npuBOgATCS pe3yabTaTbl UX Pean3aummn
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YnCeHHbIMN MeTogamMmu. npOBegeHHbll;l aHa/IN3 gUHAaMnKn pa6oqeeo rpouecca no3Bo/i OUeHNTb XapakTep gBMKEeHUs KO-
JIOHHbI 1PN PA3/INYHbIX BAPNAHTAX BE/INYNHbI CHJI, gel/vICTByIOLLlI/IX Ha cnucremy, nMmeetT BaKHOe 3Ha4vyeHune rpn sKcriiyaraymm

060pygoBaHus.

KntoyeBble c1oBa: ckBaxxmHHoe 000pygoBaHus g/is gobblun HeTH, MAaTeMaTU4ecKasi Mogesb, gUHAMMKA, XAPAKTeP GBIKEHMS.

Summary. The dynamics of motion of the boom system and the plunger of the installation of downhole equipment for oil
production under the influence of forces acting on the elements of the structure during its operation are considered. As a result,
mathematical models of the process in different phases are constructed and the results of their implementation are presented
by numerical methods. The analysis of the dynamics of the workflow made it possible to evaluate the nature of the movement
of the column under different variants of the magnitude of forces acting on the system, is important in the operation of the

equipment.

Key words: downhole equipment for oil production, mathematical model, dynamics, nature of motion.

AHaJIis faraThbox KOHCTPYKIli# mpuBogis IITHCY
TOKAa3ye, [0 OCHOBHOIO TEHIEHITIEI0 IX PO3BUTKY
€ 30iIBIIIeHH JOBXKUHNI XO4Y TOUKH IMiABiCKH IIITAHT.
Kpim 11poro #ife momyk KiHeMaTUUHUX CXeM i KOH-
CTPYKIIill 3piBHOBAKYIOUM IPUCTPOIB, AKi O JO3BOIMIN
3MEHIIUTY rabapuTu MPUBOLY, 30€perTu 3yCUJIIsd, aKi
IifoTh Ha (PYHIAMEHT, TiABUIIUTH HAIIWHICTh ITPUBOLY.

Y mockoHaJIeHHS YCTAHOBOK CYIIPOBOMKYETHCA 301Tb-
IMIEeHHAM Y1CJIa KOHCTPYKILiH, B AKX BUKOPUCTOBYETHCA
00’eMHUM IiAPONIPUBIi, 1110 30iIbIITye TOTO eHepro-
€MHICTB i IPOCTOTOIO ITIEPETBOPEHHA KPYTOBOT'O PYyXY
BHCOKOOOOPOTHOTO ABUT'YHA B MMOBIILHUM 3BOPOTHO-
TOCTYIIOBUY PYyX TOUKH ITiABiCYy IITAHT.

TigpaBaiunnii npusin, axuit mae Bucoxkuit KK,
JO3BOJIAE NOCTATHBHO IIPOCTO PETYJIOBATU OKPeMi
mapaMeTpH IUKJY IMOABIiMHOTO X0y IITAHT, TOOTO
3MiHIOBATU IPUCKOPEHHA TOUKU HifBicy IITAHT He-
3aJIeXKHO BiJ umcJia MOABIiMHUX XOIiB, PETYJIIOBATHA
IMBUJKOCTI X0y IIITAHT BBEPX i BHU3 Y 3aJIE}KHOCTI Bif
BJIacTUBOCTEH mIactoBoi piguuau. OgHak, Bubip paiio-
HaJIbHOTO PEKUMY eKCIJIyaTallii cucTeMu BUMarae
YiTKOrO IPOTHO3YBAHHS TEXHOJOTIUHNX ITapaMeTpiB,
110 MOXKJIMBO BUKOHATHU T1JILKY HA MAaTEMAaTUYHUX MO-
IeadX, B OCHOBI AKUWX JIEKUTDH PIBHAHHA PYXY TOUKU
migBicy mTaur.

ITpu orpumanHi fudepeHiaIbHIX PIBHAHD PYXY
TOYKU MiJIBiCy IITAHT IPUNMAaEMO TaKi CIIPOIEHHA:
1) pizmuy B rizpocucreMi BBaKaeM0 HECTHUCKYBAHOIO;
2) THCK, CTBOPIOBAHUI I'iJPOHACOCOM — BEJIMUYUHA

craJa.

Ax10 6yayTh BUKOPUCTOBYBATHUCS ITIe ¥ iHIII cirpo-
IIeHHs, TO IIPO Ile ATUMe MOBa JOTaTKOBO.

HudepennianrbHe piBHAHHEA PyXy TOUKU HifgBicy
MITAHT Y CIPOINEHOMY BUTJIALL Ma€ TaKUN BUTJIAL:
d?s _F 7
22 p(36) ~Fo(ze), 1)
e Mg — 3BeJleHa Maca BCiX PyXOMHX TBePAUX Til,
IJIACTOBOI PiAWHY 1 pifWMHU TrifponpuBOLYy IIPU 3Be-
IeHHi 10 TOUKU IIigBiCy IIITAHT;

Fp(36) — 3BeJleHa PYIIIiiHa cuJia IIPU 3BeJeHHi 10
TOYKU M1JBiCY IIITAHT;

' Fjo(se) — 3BeJieHa CUJIa OIIOPY IIPYU 3BEIeHH] 10 TOUKHU
oigBicy IITaHr.
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Mgg

SIkiio 3BezeHa Maca Mgg Oyze PYHKIII€I0 BeIMUNHN
IepeMillleHHA TOYKY HiBiCy IITAHT S, TO piBHAHHA (1)
y TakoMy pasi moBuHHO OyTu [1]

2
d?s l(dsj dmgg

M6 29\ ar) Tds v(36) ~ Fo(se) - (2)

IIpore piBHaHH (1) i (2) ABAAIOTH COO0IO CITPOITIEHI
MaTeMaTUYHI MO, AKi ONMUCYIOTh AUHAMIKY Tipas-
aiuroro mpusozga. Ili mozmesi BiAmmoBitaroTh cTaoCTi
po60YOro THCKY B IMIIHAPAX TiAPOCUCTEMU, CUJI TEPTS,
KOPUCHUX HaBaHTaXKeHb 1 oIOpy I'iApo JiHill cucrteMu.
Aune, K BKadyeThedA B podorax [2; 3; 4], 11i BeruuuHU
B IIpoIIeci pyxy pobouoro oprany riJpoOIIpuBoOaY CyTTEBO
3MiHIOIOTBCH, III0 BUMAarae BpaXyBaHHA I[UX 3MiH IIpU
POBpaxyHKY T'iIpOCUCTEMU.

Ilepia ¢asza. I1a dasa pyxy TOUKHU IIigBiCcy IITaHT
OyJia Buite po3buTa Ha nBi miBdasu. Ilepmra nmisdasa
OXOILTIOE IPOMIisKOK Uacy BiJf IOUATKY PYXY TOUKM ITiJI-
Bicy IITaHT Bropy 0 MOYaTKy PYyXy ILIYHKepa Hacoca.

Busegemo nudepenianbHe piBHAHHA PYXY TOUKU
migBicy mTaHT Ha nepirit nisgasi. [lyia mporo 3BegemMo
MAacH i cuiu 1o 11iel TOuKu.

3BeieHa Maca Ha ITiii miB(asi moBUHHA BUBHAYATUCS
3a POpMYyJI0I0

2 2
Mag =%mw +mp+2A.p, +m£§)("£1j +m£f) (Uf] »(3)

e m,, — Maca IITaHT0BOI KOJIOHU JOBXXUHOIO [ ;

mp — Maca TpaBepCHu PasoM 3i MTOKaMu i Iopi-
HAMU; A, — ILIOIIA IIOIIEPEYHOTO Iepepisy NMIinApiB
OITAHTOBUX KOJIOH; § — BiAgaJieHHA TOYKH IIigBicy
IITAHT Bif Ii HUKHBOTO MOJIOMKEHHA; p, — IyCTUHA
pobouoi piguHu rigpaBiaiuHoOi cucTeMU; mg) — Mmaca
pinmvHM y Har"HiTaJbHiN rigpaBaiuHil JIiHil MiXK Ha-
cocoM i miciieMm posrany:KeHHA TPpyO HarHiTaabHOI
JiHiI 70 IOPIIHIB B IUJIiHAPAX IITAHTOBUX KOJIOH;
U1, Upg, U — IIBHUAKOCTI PyXy BiAIOBiAHO piguHM
B HaTHiTaJbHIN JIiHII 0 MicI[a po3Taly:KeHHA, Ticad
MicIA po3rany:KeHHA TPyO i TOUKM miaBicy miTaur.
IIBuAKiCTD TOUKY ITiIBiCY IIITAHT JOPiBHIOE MIBUIKOCTL
PYXy HOPIIHIB B riipaBJiuvHIX KOJIOHAX, TOOTO V=0,
Busnaunmo 3Be/ileHy Macy KOJIOHH ITITAHT Ha TEPIITii miB-
(dasi. IIpuitmaemo, AK i B podorax [1; 2], 1110 IMIBUAKICTH
mepepisiB mITaHT Ha Iik miB(hasi pyxy TOUKHU IIigBicy
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IITAHT 3MIHIOETHCA 34 JIIHIMHNIM 3aKOHOM. 3BeJeHa
Maca KOJIOHU IIITAHT IIPU 3BEJIeHH] 10 TOUKH 1X miaBicy
BU3HAYAETHCA i3 TAKOTO PIiBHAHHA:
2 1 V24
() V7 _ ' Vedm _ Y

n’LS6 2 = 0 D) N dm—prwdx, Vx —T,
ne p,,, A, — TYCTUHA MaTepianay IITAHT i IO X
TIOIIEePEYHOrO0 IIepepiay.

IlincraBnarouu Bupasu niad dm i V., , oTpuMaemMo

mle) ="

BceranoBumo 3asexHOCTL Vr% , Vi ~ Ilo3mauumo

BUTpATY PiAWHM y HarHiTaJbHIiN JiHII 70 Micia pos-
rajgy:KeHHd TpyO depes @, . B micmi posrany:xeHHA
MaeMO ABi BiTKM HaruiTaabHOI JiHii, Mo AKUX poboua
pPiguHA MOJAETHCA B MUJIIHIPU TiIPaBIiYHUX KOJIOH.
Burpaty piguHu depes KOXKHY i3 IUX JBOX BIiTOK IIO-
3HAUUMO Q,. OueBngHO, IO Q, =Q, /2. Beruununan
Q, 1 Q, MOXKHA 3aIIMCATHU TAK

@Q=4,"V,. Q=4

Ockinmpku @y =@ /2,10 V,, =V, /2 (niamerpu Tpy6
HaTHiTaJbHOI JiHii [0 i mic/ad posrany:KeHHs OJHAKOBI).
Kpim Toro, MmoskHa 3anucaTu

Q=A Vy,

TOMY

VI'[ Arc , VH Arc .

ITigcraBasemo 11i pedyabratu y (3)

2
Mmgg =m,, /3+mp +2A,prs+m$?[%] +m (2 [ ] 4)
AI'C Arc
OckinbKu 3BefieHa Maca € QYHKITi€0 Bif BignaneHHsa
TOYKH MiBiCy IITAHT, TO HEOOXiAHO MPUIMATH 10 YBATH
nudepeHiagabHe piBHAHHAA (4). Y HAITOMY BUIIAAKY

dm

T% =2Ap,. (5)
3BeqeHa pyIIifiHa cuja B KOXKHOMY i3 IMUIiHAPIB

Fp(36) = pp 'Ar’ (6)

p, — THCK PiAvHY B MUJIiHAPI TiJ TOPIITHEM IIPYU OTO
pyci BBepx.

SHalifieMOo BeJININHY p b Harwuitanbry JiHito posio’e-
MO Ha ABi FiTAHKM: Ieplie AiJAHKA — Big Hacoca mo
MiCITs posTaIy:KeHHs TPYOOIIPOBOAIB i Apyra — Bix mic-
114 i1 posraiys:KeHHs 0 IOPIIHIB rifpaBIivHUX KOJIOH.

Misx BuTpaToIO pifuHY B TPYOOIIPOBOI i Tepenaom
THUCKY B HbOMY iCHY€ TaKa 3aJie;KHicTh [3]:

2
Q=pA | —Ap, (7
r
Je | — Koe(iIieHT BATpaTH piimEM; A — ILIOIIa
IIOIIePevHOro lepepisy TpyOompoBoay; Ap — Iepenaf
THCKY NP pyci piguHYT B TPyOOIIPOBOAI.

Brpaty TrcKy po6ouoi pifmHMN Ha mepIIii Ta gpy-
it gimAaHKax HarHiTaJabHOI JiHil MOMKHA 3amucaTu
Yy BUTJIAIL

(lel . i z &V2j2+App03’(8)
[lel .Vz Z EJszpr )

me §;, A; — KoeQiIieHTH BTPAT HAIIOPY IIO JOBXUHL
TpyOOIIPOBOAY i MiciieBuxX BTpAaT; l,, d; — momxuHa
iBHYTpimHI#N fiaMeTp TPYOOIPOBOLY; V;, V; —mBun-
KOCTi TOTOKY pimmHM B TpyOOompoBomax i MicieBux
oIopax; Appw — BTpaTa HANOpPYy B PO3UOJiJIBHUKY;
n,, Ny — KLIbKiCTb TPyOOIPOBOAIB Pi3HUX MiaMeTpiB
Ha IepIIiil Ta Apyrii AindaHKax HaTHITAJIbHOL JIiHIL;
ny, n, — KIJIbKiCTh MiCIIeBUX OIOpPIB HA TEPIMiii Ta
IPYTi#l ginaHKax HarHiTaJIBLHOL JiHiI.

ITepenan TuCKY pifiHU Ha POSIOLIIBHUKY MOYKHA
BUPa3UTH, KOPUCTYIOUUCH 3aiekHicTO (7) i BpaxoBy-

10U, WO Q) =V, - A,

2
AP oy = pr‘zfm (10)
2p‘pos
e A;m :q)(t) — IJIOIIa IIPOXiAHOTO OTBOPY POSIIO-
IiTbHUKA, Hpos — Koe(ilieHT BUTpPaT! yepes3 HbOTO;
Vies — MBUJKICTS PIAWHY B IPOXiTHOMY OTBOPi po3-
NOAiNbHUKA.

I1fo 3ayesxHiCTH AOMITBHO IPUBECTHU O IITBUIAKO-
cTi B TpyOOIIpOBOi V> o OiIXOAUTH A0 MiCIdA PO3-
rajqyKeHHdA, BUXOAAYN 3 PiBHAHHA HEPO3PUBHOCTI
TIOTOKY

_ 4Vr1Arc

- 11)
Por o nd?X (

TYT d — JAiaMeTp OTBOPY PO3UOIiIBHUKA; A, —
ILIOIIA IIOIIEPEeYHOT0 IIepepidy OTBOpY TPYyGOIPOBOLY
mepmroi MiIBHUI, IO TiAXOAWUTH A0 MiCIs posra-
TymeHHd, X ¢( ) — BeJINYMHA BIAKPUTTA OTBO-
Py pO31'IOI[1JII>HI/IRa (0 QYHKIII0O MOMKHA HIPUAHSA-
TH gimiliHOP, a came X, =t/t; +(1-t/4)S(t-4),
S(t—t,) — onuEnuHa QyHKUia Xesicaiixa [5],
1, t>t,

1

S(t—t,)=1=, t=ty,;

0, t<tg
t; — dYac, IPOTATOM SKOTO IIOBHICTIO POBKPUBAETHCH
OTBip POBNOAIIBHUKA.

HYepes IPOMIMXOK Yacy t¢; Bil MOMEHTY IIOYATKY
BiIKpHWBaAHHA OTBOPY POSIOAIJIBHUKA X, = 1 (oTBip
posnoxisbHUKA OyIe TOBHICTIO BIIKPUTHI).

Taxkum ymHOM, Iepemna TUCKY B POSMOAIIbHUKY

p 1642
AP oy = T V3. (12)

? (ndep”h/’p )2

ITincraBaaemo (12) y (9) i orpumyemo
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(S by e, 2)\P, P,  16AZ
Ap(l) _[Zilxidvvi +Zj:1&-’j‘/j ]2+222' (13)
l (T‘d Xp“hfp)

ITpusegemo piBaauug (13) i (9) o TpybompoBoay
omHOTO epepisy; piBHaHHA (13) K0 TpybOTIPOBOAY 3 TIe-
pepisom A,,., a piBHaHH (9) 10 mepepisy A, muaiHApPiB
rizpaBaiuHUX KoJioH. IIpu 11bomMy OyzeMo MaTu

1642

Pr
Apy =—
(1) 2 Z Z (Tcd pr.hjp

Py by
= (zilxﬂd—i+zj1§jjv ,  (15)
aTomy 3 (14)i (15) omepsxumo

l 24y,

2
P, z #

(Tcd X pHajp )2

Vi, (14)

» (16)

[ 2Ap(2) .
ng ll ny
\/ P (Zi—lkl d * Zj:IE"j j

Burpara pigmHuT uepes TpyOOIPOBi g mepInoi AiTAHKYT
i yepes KOXKHY i3 TBOX BiTOK APYTol AiTAHKY HATHITAIb-
Hol JiHii BigmoBigHO Oyme:

Vv, = (17)

2
Q=4 ) JApa) > (18)
16A;,
Py Z] Gty
( d Xp”hfp)
2
Q2 — 4 I 1 Ap(z) s (19)
3 i ny
\jp"( i:l}\’ d+zj_1<t’f)
ITosmauumo
A 2 -Gy, (20)
ArC
o Y0 z S
(nd p“hfp)
A 2 -G,. (1)

,
o
Bennuwmnan Gy i G, — rigpaBiiusi NpoBigHOCTI Big-
TOBiHO MEePIIOi Ta APYroi TiIAHOK HarHiTaJIbHOIL JTiHil
rigponpusozy [3].

Ha nepirisi Ta npyrist gimaaKax HarHiTaAIBHOI JTiHiT
rigponpuBOAY Mepenaay TUCKY MOMKHA 3aIllCaTH

AP(1) = P = Ppose> DP(2) = Ppose = Pp. (22)

Tyt DPpos; — THCK pimuHY B MicHi posraiayXeHHS
Tpy0 HaTHiTAJIbHOI JTiHIT; P, — THCK Ha IIOPIIIeHb B rig-

30

pokoJsioHKax. Ilo apyroi gingaHKu HarHiTaapHOI JiHiT
BiZHOCHUMO 1 UIIHAPY TiApaBIiYHUX KOJIOH, OCKITBKH
IepeMillleHHA MOPIIHIB BiJl IX HUKHIX IIOJIOXKEHD 10
BEPXHIX € 3BHAUHUMU.

Bpaxosytoun piBaanHA (18)—(22), MoyxkHA OTpUMaTU
Yy CBOIO Uepry TaKi iBa PiBHAHHA:

@ =G{ (P, P,)» @ =G (Ppose —P,)- (23)

TpybompoBoau, AKi HAYTH Bif MiCITs POSTATYKEHHS 10
IMITIHPIB TipaBIivHUX KOJOH € OJHAKOBUMMU, TOMY MOYK-
Ha BBaXKaTU @ =2Q, . [Ipuiimaroun 10 yBaru OCTaHHIO
PiBHIiCTB, IIic/IA TIEPeTBOPEHHA PiBHAHB (23) OTpUMaEMO

Q2 4 _4 1
pp 2 _>G1 ?GS .

Burpara pigusu @, =A, -V, = Az%

2
4 1 ds
pp pH r(?Glz ?)ngj[dtj

3BeneHa pyIlifiHa cuJja, 10 CTBOPIOETHCA B JBOX
OUIiHAPax TiIponpuBOAY

2
Foo=2py A 247 —2 2 (ﬁj . (26)
G oGk \dt

o cus ommopy Ha mepriii miBgasi BimHOCATHCA CUIN
Fyy, Fpy, G,,, Gp (Gp — Bara TpaBepcu pasoM 3i ImTo-
KaMu i TOPIITHAMHT), & TAKOXK YaCTUHA Barv CTOBIIA Piu-
HUA G;, . Bara mrranr y miacrosiii piguan G,, IpUKJIageHa
IO TOUKU IIiABicy UITAHT ITle B0 IIOYATKY 1 pyXy BBepX, a
cunu Fp; i Fp, BUHUKAIOTH TIIBKY Iifl 4ac pyXy TOUKK
migBicy mrraHr. OCKinTbKY HAMY IPUAHATHN JIiHIHHUHT
3aKOH 3MiHU MIBUAKOCTI pyXy IIepepisiB KOJOHU HITAHT
o il JOBXKMHI, TO 3BOAAYM ITi CHJIX IO TOUKM IIigBiCcy
HITAHT OTPUMAEMO

(24)

, TOMY

Fry+Fpy V, FTI +Fry V,
Pree) == 3 ;dx l lV
L Fry + Fry
dFy 50 = joz—zxdx = 0.5(Fypy + Fry)

AFp(36) =0.5(Fpy +Fpy) -

Ax BiggHauasocsa Bike BUllle Ha IepIiii miBgasi npu
mepeMilleHH]I TOUKY HiIBiCy MITAHT Bropy Ha IIITAHTHU
TmepefaeThCA YaCTUHA BaTy CTOBIIA PIAUHYI G;, , aje ofi-
HOYAaCHO 3 TUM Bi,[[6YBa€TBCH 3MEHIIIeHHA HaBaHTAXEHHA
HA ITI0 JK BeJIMUUHY Ha Po3TATHYTY Kosmony HKT. B pe-
gyabrari nporo Kosona HKT BrkopouyeTsesa, il mepepisu
pyXarThcA Bropy i BTOpy pyXaeThed IIIYHIKeD Hacoca
IpH BificyTHOCTI iX BigHOCHOTO pyXxy. Tomy abcostoTHa
TeKyua geopMallisa KOJIOHU IIITaHT Oyae

Alyay =8— A, @20
abo
Gl Gl
PP (28)
EA, EA,,
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I3 (28) omep:ryemoO
sEA , -
@, (s) =2 Arp.
(A, +1 7p)
TakuM YMHOM, IPU BpaxXyBaHHI Au(epeHIiaTbHOTO

piBHaHHS (29) i Be1uuuH, 110 B HHOTO BXOAATD, AJIA
nepirrol asu MaTIMeMO TaKe PIBHAHHA:

. (29)

d%s ds )
mse?—i_Arpr[aj =2py-A, -

2

4 1 |(ds

2A3 —+—= | 2= -@' -
G: G2 (dtj

~0,5(Fpy +Fpy) =G, (s) -Gy

(30)

a00 TIepenuIlneMo e piBHAHHA Y BUTJIAL1

d?s dsV o4 1
Mos——+| A — | =2py-A -2A°| —+—
36 dt2 rpr(dtj Py T T G12 G22 X

2
x[gj +G'p(s)=2py - A, = G, ~0.5(Fpy + Fry )= Gp (31)

7151 po3B’ I3aHHA 3aIINCAHOTO PiBHAHHA MaEMO TaKi
IOYaTKOBi yMOBU

@
T dt H=0

B piBran=ni (31) Benuunau m,,,
IaTbes popmynamu (3), (20) 1 (29).

B pesyabrari po3B’A3Ky piBHAHH (31) 3HAXOIUTHCA
dyuknia s(t), a takox i mBuAKicTs ds / dt . Badikcy-
€MO MOMEHT Yacy, KOJIHu

S0 — =0. (32)

Gy, Gy, G; 3HAXO-

s(t)=Al, + AL, =% i+ 1
Am Amp

Ile € TO#1 MOMeEHT, IPM AKOMY BCS Bara mjaacTOBOI1
pPiovHU HaJ IIYH}KEePOM IlepefaeThCs Ha KOJIOHY IIITAHT.
ITranru npu 1bOMY PO3TATHYJINUCH IIiJT BCi€I0 Baroiwo
macToBoOl piqmHU. B HACTYIHUIT HEBEJIUKUH IPOMiKOK
yacy HOBUHEH II0UATHCA PYX IJIYH)Kepa Hacoca BBePX.
ITouaTox pyxy ILTyH}Kepa Hacoca Bropy Oy[e Iie cy-
IIPOBOXKYBaTUCA NTehopMallielo KOJIOHU IITAHT, OCKIIb-
KU BEPXHi KiHeIh KOJIOHU IIITAHT Ma€ IeBHY MIBUIAKICTH

ds ce .
V =—/t=t,, a HUKHI}A KiHenp, 6ing NIyHKEDA, € B

(33)

meit moMmeHT Hepyxomuii. CKiacTu gudepeHIliaabHe
piBHAHHA, SKe 0 Bpax0OBYBaJIO OJJHOYACHO i medopma-
Ii10 KOJIOHU IITAHT i PyX KOJIOHMU IIITAHT 3 IIYHKEPOM
i myIacTOBOIO PiIMHOIO AK HeJe()OPMiBHUMU TiTaMU He
BAacTbCcs. ToOMy BUKOPUCTAEMO TAaKUU HAOIMIKEHUH
MeTO[i: KOJIOHY IITaHT 3 MOMEHTY t=¢, BBasKaTHUMe-
MO Hene()OPMOBAHOIO, a Mi’K KOJIOHOIO IITAHT i MJIYH-
JKEePOM PO3MICTMMO IPYKHUUN eJeMeHT, JKOPCTKiCTh
AKOT0 MOPiBHIOE JKOPCTKOCTI BCi€l KOJIOHM IIITAHT.
B pesysbraTi mpOro OTPUMYEMO ABOMEKOBY MeXa-
HiUYHY CHCTeMy: KOJIOHA IITAHT PasoM 3 TPaBEPCOIO,
MITOKAMU 1 TOPIITHAMY i 3 IPYTrol CTOPOHU ILIYHIKED
Hacoca i BcA mJacToBa pigmHA, IO THCHE Ha HHOTO.

Mixx muMmm gBoMa MacaMu 3HAXOAUTHCA NPYKHUUN
eJIEMEHT.

KomuBHUM nmportiec, 1110 BUHNKA€E B KOJIOHI IIITAHT
B MOMEHT IIOYATKY PyXy IJIYHMKepa Hacoca BBepX, Oyae
POBTJIAHYTO OKPEMO.

Ha pucynky la 306pakeH0 JBOMACOBY MeXaHiuHY
cuctemy. Maca 1 — 11e Maca KOJIOHHU ITITAHT Pa30M 3 Ma-
caMu TpaBepCcH, MITOKiB, MOPIITHIB, & TAKOXK 3BEJEeHOIO
Macoro piguay Beiei rigpaBiiuboi cuctremu. Maca 2 — 1e
Maca IJTyHJKepa i BCboT0 CTOBIIA IIJIACTOBOI PiAUHY, 110
3HAXOAUTHCA Tifg HuM. OUueBUIHO, IO PiBHAHHA PYXY
TIepItoi Macu MOBUHHO OyTH BULY (2).

s v

ik
S |
Nk tt
" i
i il
Wl i
*1:*/3 Nt s
3 2 o)

1

1 — mepira maca; 2 — apyra mMaca; 3 — MNPYsKHUHA eJIeMeHT

Puc. 1. [IBomacoBa MmexaHiuHa cucteMa IIpu pyci
niIyHKepa BBepx (a) i BHUS (0)

3BesieHa Maca y [[bOMY BUIAAKY 3aIIUIIETHC TAK:

A 2 A 2
r (2) r
+m,.
re rc

m,, =m,, +my +2A, p,s+m) (34)

OCKIJIBKU TYT BPaxy€eMO, ITI0 BCS KOJIOHA IITAHT pyxa-
€ThCA 3 OAHAKOBOIO IIBUAKICTIO, ITTO 3BiCHO He BiAIo-
Bimae miticHocTi. AJie TPOMisKOK Hacy A0 MOYATKY

Dopmyna (32) BizpisuaeTbesa Bix (5) TinbKYu mep-
IITUM JOAAHKOM, PYXY ITYHKepa Hacoca 3aJIUIIAEThCA
He3HaYHNM, TOMY I_Ii.TIKOM OJOIIYCTHMO IIOTOAUTHCA Ha
ITI0 HETOUHICTb.

Tloxinua dm,, /ds BusHaUaeThCd, SK i paHile, 3a
dopmyiomo (5), a pyrrifina cuia 3a opmysoio (32).
Cunu onopy 6yayte G, + Fpy + Fpy + Gy - Kpim Toro, 3i
CTOPOHU TIPYKHOTO eJIeMeHTa MaEMO PeaKIlito

R =c(S(t)-S4-S,)
e ¢ — KOPCTKICTh BCi€l KOJIOHU IIITAHT;
S(t)-S, — abcontoTHa AehOPMALLif KONOHN IITAHT;

Gl
SO =
EA,,

BUKJIMKaHa 3HATTAM HaBAHTAXEHHA Bi,[{ BCHOI'O CTOB-

mna pifuHN.

— nmedopmarris abcoaorHa Komouu HKT,
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TakuMm yHOM, PiBHAHHA PyXy Macu 1 mpuiimae
TaKWil BUTJIAT:

2

2
d’s ds
m36?+Arpr(Ej :ZpH.Ar’_
2
4 1 |(ds
3 '
_2Ar E‘F? (Ej _Gw_FTl_ (35)
1 2

-Fpy - R, (s) -Gp.

ITouaTkoBi ymoBH (t, =t; ):
ds
s=s(t)/t=t;,, V=—"so/t=¢t.
(t)/t=t; dt/ 1

ITouaTKOBi yMOBY [IJIs1 PO3TJIAAY PYXy Macul € pe-
3yJILTATOM PO3B’ABKY Au(epeHITiaabHOT0 PiBHAHHS (35)
IIPH TOYATKOBUX yMOBax (32) 0J1a MOMEHTY 4acy ¢ =%, .

PiBuanua pyxy macu 2

2
M3e d 822 :RI(S)_GH —-Gp—Fpg—Fpy,

dt
ne S, — mepeMileHHSA TyHKepa Bif 1070 HUKHBOTO
IIOJIOKeHHA; (G; — Bara ILIyHKepa y piauni; Gp —
Bara CTOBIIA PDiJUHU HAJ| IIYHKEPOM; Fiq, Fp, — cuin
TePTH BiAIOBIAHO M1 IJIYHKePOM 1 MUJIIHAPOM 1 cuja

TepTs, 00yMOBJIeHAa TiAPaBIiYHIM OIIOPOM B TPyOax.

ITouaTkoBi ymoBu AJa gudepeHITIaIbHOTO PIBHAHHSA

(36)

(36)

ds,

Sy %2
dt

t:tozo’

/t=t,=0. 37)

B pesyabraTi po3B’as3ky 3agaui (35)—(37) gasa nBo-
MAacoBOl CHCTeMH 3HalJeMO MOMEHT dacy f =1, , IPHI
AKOMY IIOYHEThCA PYyX ILJIYHKepa Hacoca BBepx. Lleil
MOMEHT Yacy € KiHIeM 1epInoi niBdasu pyxy Bropy
TOUKM mifgBicy mranr. OgHOYAaCHO PO3B’A30K 3ama-
i (35)—(37) BUBHa4Yae pyxX TOUKU IIiABiCy IMITAHT Ha
ii gpyri# nmiBdasi, To6TO Ipu po3B’sI3aHHA BKa3aHOL
3aava 3HAWAeMO I BeJIMUNHY YCTAaJeHOI IMBUIKOCTI
TOUKM IIiABiCy IIITAHT, & TAKOK MOMEHT Yacy, B IKUI
HacTyIla€ ycTajeHa IMBUAKICTD i1 pyxy. AKImo 6yTu
TOYHHM, TO YCTAJIEHOI MIBUAKOCTI TOUKHY HiABiCYy IIITAHT
mpu ii pyci Bepx He Oyze, OCKiIBKY 3BeZleHA Maca II0-
CTifTHO 301JBITY€ETHC (301BINTYETHCA KiTbKiCTh PiAUHNI
TiJ TOPITHAMY TiAPOKOJIOH). AJle 1ieil BIJIUB He Oyae
3HAYHUM.

B MomMeHT mouaTKy pyxXy ILIyH)KEepa Hacoca Bropy
BUHUKAIOTh 3HAUYHI IPY'KHI KOJIMBAaHHSA ITOIIEPEUHUX
IepepisiB MITAHT, BUKJINKAHI piBHUIIEI0 IIBUAKOCTEHN
TOYKU TiABiCy IITAHT i JIYH)Kepa Hacoca, a TAKOX
TuM (PaKTOPOM, IO Pa3oM 3 IIJIYHKEePOM Hacoca CBii
PYX Bropy IIO4YMHAaE i BeCh CTOBI PiAWHY, AKUI BHAXO0-
IUTHCA Ham mayH:KepoMm. 11i KoauBaHHs 30iabITIaTh
HaBaHTAXeHHA Ha KOJIOHY ITIITAHT.

3 MeTO BU3HAUEHHS BKaBaHUX KOJIUBAHb BUKODPU-
CTAa€EMO MOCTAHOBKY 3aJadi, aHAJOTiYHY IIOCTAHOBIIL
A.C. Bupnoscbkoro [1; 2]. PosriamzaemMo pyxoMy cu-
cTeMy KOOPJUHAT, II0YATOK AKO0I BHAXOUTHCA Y TOUIL
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niaBicy mradr. Bick KoopauHaT HapAMJIeHA BHUS.
B pesyabTari 115010 TOUKa MiABiCY IITAHT PO3TIIALAETHCA
SAK HepyxoMa, TOOTO BificiKaeThbCsa pyxX KOJIOHU IIITAHT
SIK aBCOJIIOTHO TBEPAOTO TiJjia, a PO3TIIAMAETHC TITBKY
BiZHOCHU PyX IlepepisiB KOJIOHM IITAHT.

IlepeminienHsA nepepis3iB KOJOHY IITAHT U 3aJIEXKHO
BiZ IX KOOPAUHATUA X 1Yacy ¢ ONUCYIOTHCA XBUJIbOBUM
PiBHAHHAM

2 o%u B o*u
ox®  ot?
Tyruac t =0 BigmoBimae wacy ¢, — ImOYaTKy PyXy

IJTYH)Kepa Hacoca BBEPX.
ITouaTkoBi ymoBuU 11i€i 3agaui

(38)

du
u - x
Yy=0=0 2]_o=v7, (39)
TYyT ¥ — HIBUAKICTH TOUKU HiJBiCy IIITAHT B MOMEHT

IIOYaTKY PyXy ILIyH)Kepa Hacoca BBEPX.
TI'parnuni ymoBu
u = .
Y =9

st HMKHBOTO KiHIA KoJyioHu mitadr (x =1) rpa-
HUYHA YMOBA 3aJIUNIAE€THCA Y BUTVIALL
ou G, o*u
AuE—= Ty A2
ox g ot
TOOTO Cmja, II0 BUHUKAE y 3’€JHAHHI KOJIOHU IIITAHT
3 IUIYH}KEPOM, JOPiBHIOE iHEPI[ifHIN cuJi, III0 CTBOPIO-

G .
€TBCS Macow » g Ocranue PI1BHAHHA MOMXHAa 3aIIICATHA

TaK:

ou o%u
gplE—=-G pl—,
Aut p ax pp atz
OcKilIbKH A, gplE=G,,a E/p= a? , TO TDPAHUYHA
yMOBA AJIA HUKHBOTO KiHIlS KOJIOHU IIITAHT Oyae

ox G, ot?
ITograuumo
G .
Glu
Tozi popmyna npuiiMe KiHIIeBUY BUTIAL,
ou ou
pox/ o) (40)
x=1 x=1

PiBaanus (38) onucye BibHI He3aTyxarui KOJIUBaH-
HS B KOJIOHI IIITAHT. AJle peajJbHO KOJUBAHHS B KOJOHI
IITAHT € 3aTyXanuuMu. [IprumHOI0 TAKOTO ABUIIA €
HeifgeaJibHA IIPYKHICTH MaTepiaay IITAHT, 30BHIIITHE
TEPTA CTEPIKHA, 110 KOJIUBAETHCA. Y BUNAAKY BHY-
TPIITHBOTO B’ IBKOTO TEPTS 3aMicTh Au(ePeHITiaIbHOTO
piBHAHHA (38) maTuMeMoO [3]
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2%u k Pu  *u
gu kou _ou, (41)
ox? poxPot ot

Ie k — Koe(itieHT B’ A3K0CTi MaTepiay miTaur (Koe-

dinient BHyTpinmIELOrO TEPTA B MaTepiaii, ITa-C).

Jpyra pasa pyxy TOUKU IIiABiCYy IIITAHT — Ile PyX

3 IIOCTiTHOIO IMIBUAKICTIO Bropy (0JIM3BKOIO 1O IOCTiHHOI,

IIPO I1e TOBOPUJIOCS BUIIE). ¥ IIbOMY BUIAAKY PYITifiHa

cuJia, 1110 CTBOPIOETHCA B 000X TiIpaBIivHNX KOJIOHAX,

MMOBUHHA OyTU PiBHOIO

Fp(360) =Gp+Fp +Fpg+ Fpg+ Fpy+ G, +Gp + G (42)

ne G — Bara TpaBepcu PasoM 3i IITaHTaMH i IOpII-
HAMHU.

Tpetra asza pyxy TOUKU IiABicy miTanr — 1e ¢asa
raJjbMyBaHHA. BoHa TOUYMHAETHCA B MOMEHT Yacy ¢ = ty-

ITe € MmOMeHT, B AKUI IOYNHAETHCA 3aKPUTTS Ha-
nmipHOi JiHil rinponpuBony.

HudepennianrbHe pIBHAHHEA PyXY TOUKU IiAgBicy
MITAHT Ha Ii#t (pasi MmaTuMe TaKUHN BUTJIAL:

d?s dsY
Mg~ + A.p, (Ej =2pyA, -

dt?
4 1 \ds)
-24% —+— (—j - (43)
G? G2 )\dt
_Gp _FTI _FT2 _FT3 _FT4 - Gl’u _GT _GH
HpI/I IIOYaTKOBUX YMOBaX
ds ds
S= S s T =—0— 44
% =t dt dt (44)

_t4

PiBuanua (43) npu noyatrkoBuX ymoBax (44) poss’d-
3yETHCA TIJILKY B TOMY BUIIAAKY, KOJU TOYKA MiBiCcy
IITAHT i IJIYHXeD PyXaloThCA 3 O0HAKOBUMU IIBUJ-
KOCTAMMU.

Bennunan

s ds ds
S= oy =
t=t’ dt dt
BiIIOBiTalOTh MOMEHTY BKJIIOUEHHA BEPXHIX KiHIE-
BUX IIepeMHUKAaUiB, TOOTO MOMEHTY 3aKiHUEHHS PYyXY
TOUKH IIiIBiCy IITAaHT 3 IMOCTiHHOIO IIBUAKicTIO. Be-
JUYUHU, 10 BXOAATH V (43) BU3HAUAIOTHCS 3a BUIIE-
HaBefleHnMHu Gopmynamu (m,, — 3a hopmyoro (32),
G, — 3a ¢opmyaomno (21) i T.x.). Tineku y dopmy.ri
(20) s G, BeMMUMHA x, Mae iU MaTeMaTUIHAHN
BUpAa3, a came
t-—t
2 (1-s(t-t5)), t=t,
t- -t
5 4
ne t; — MOMEHT 4Yacy, B KW OTBip PO3MOAiTIOBaYa
OyIe MMOBHICTIO 3aKPUTUH (BeIUUMHA t; BU3HAYAETD-
cA TaK: ty =t, +Aty, At; — Yac 3aKPUTTA OTBOPY PO3-
TMOAiIoBayYa).
B momenT wacy ¢ =t; (i B3araii npu raJbMyBaHHi)
IIPUCKOPEHH Bciel cucTeMu HAaIpAMJIEHO BHUS, 110

X =

) (45)

BUKJNYE JOJATKOBE HABAHTAKEHHSA B TOUIIi IIigBicy
IITAHT.

Haumi Mmae miciie yeTBepra (hasa IuKJIy podboTH ycra-
HOBKM — TOYKa IIifBicy mTaur Hepyxoma. Ile € HeBe-
JIMKUH ITPOMisKOK Yacy BijJi MOMEHTY IIOBHOTO 3aKPUTTS
HarHiTaJIbHOI JiHil rifponpUBOLY 10 MOYATKY BiIKPUTTA
CKM/I0BOI JiHil mboro npusoga (At, =ty —t5), tg — 4ac
Bil MOMEHTY TOYATKY IIUKJIY POOOTH YCTAHOBKH O
MOMEHTY ITOUYaTKYy BiIKpUBaHHA MOT0 CKUIOBOI JIiHil.

Ha 11i#1 ¢asi HanpyKeHHA y TOUIi TiABicy mTaur
BUBHAYAETHCA ABOMA CUJIAMU, & caMe: Baroi IITaHT
y IJIacTOBi# pigmHi Gl’u i Baror miaacToBOl pifuHU Gp,
110 HAXOAUTHCA HAJl IIIYHIKEPOM.

IT’ ara miB(asa 0XOITIOE TPOMiKOK Yacy BiJ MOMEH-
Ty MOYATKY PYXY TOUKH ITIiIBiCYy IIITAHT BHUS /IO IIOYATKY
pPyXy IIyH:Kepa Hacoca BHU3 (Ha I11iii (hasi BigbyBaeThCsa
BKOPOUYEHHSA PO3TATHYTOI KOJIOHU ITITAHT).

Busengemo nudepeHnianbHe piBHAHHA PyXy TOYKHT
mifgBicy miTaHT Ha 1MiH asi. PiBHAHHA, AK1 Ha mepiIii
miBdasi meprroi. 6yae Buny (2). 3BeeHa Maca BCix pyxo-
MUX TiJ BUsHaUaeThcs 3a popmyJioro (5). Tinbku y it
dopmyi mg) i mﬁf) O3HAUYaIOTh Macy PiAWUHY Tigpo-
IPpUBOLAY y IeplIiii i Apyriii ginaHkax #oro cKJIazoBo1
Jqinii, TO6TO MiXK pesepByapoM I PiZWHY i TOUKOIO
posrany)KeHH4 Iiel JiHil i mopImHAMY riAponuIiHApPiB.
PymifinuMu cujiaMu y 1IibOMY BUIAAKY OYAYTh: Bara
KOJIOHM IITAHT y ILJIACTOBi# pinuni G,,, Bara Tpasep-
cu 3i mrokamu Gy, Bara YaCTUHU ILJIACTOBOL PIAMHYA
G}'U , AKa II0 Mipi BKOPOUEHHS IIITAHT 3MEeHIIyEThCA.
CusiaMu oTIopy IpHU Pyci KOJOHU IITAHT BHU3 € CUJIN
TepTa Fry, Fpy, 8 TAKOMK CHUJIM OIIOPY PiAuHYM mIpy il
pyci y cKuaoBi JdiHii.

Bara wactuHUT miacToBoi pifuHM, AKY COpUAMAaE
KOJIOHA IIITAHT IPU CBOEMY BKOPOUEHHI (PyX TOUKU
miABiCcy IIITAHT BHU3), BUBHAUYAETHCS TaK:

ASE.
G, =G, _ AsEA, Arp (46)
(Aw +App )l
ae AS=S .. 5 Snax — MaKCHMaJIbHE BiIJaJleHHA TOY-

KU OigBicy IITAHT Bif il HUMKHBOTO IMOJOMKEHH.
ITpu nepemimenHi Touky nigBicy mITaHr Bif i Bepx-
HBOTO IIOJIOYKEHHS Ha BeJIUUUHY
Gl 1 1
s=—2

—_ _+_

E A, Arp
KOJIOHA IITAHT CTAa€ PO3BAHTAXKEHOIO BiJl Baru 1mjaiacTo-
BOI pifuHU.
Tuck, axuil cTBOPIOIOTH PYIIiiiHI cUIN HA IIOPIIHI
MUJIIHAPIB rifpaBIiyHUX KOJIOH,

4Gy, +Gp +G))

1'cDH2

TyT D — miamerp mopirHiB rifpaBIivHUX KOJIOH.
Ax iy Bumagry nepimroi miBgasu (popmyaa (23)) Bu-

TpaTy PiAMHU Ha IepIiiii Ta Apyriil fiTaHKaX CKULO0BOL

JiHiI MOXKHA mOAATHU Y BUTJISAIL

Q3 =G3Ap5), @ =GiAp,

(47)

p= (48)

(49)
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ne Ap(S), Ap(4) — mepemagu TUCKY Ha 1-i#t Ta 2-ii
TiIAHKaX CKHUIOBOI JIiHil; Gz, G, — OpoBigHOCTI Ha
1-ii1 Ta 2-i glasgHKAaX CKULOBOI JiHil.

Ilepenagm TucKy Ha BKa3aHUX MiIAHKAX CKUIOBOL
JiHii

Ap(3) :pl’)a,g _ppog’ Ap(4) :p_ppo3 (50)

p}m — THCK B PO3TaNyKeHHAX TPYOOIIPOBOIiB CKUIO-
BOI JIiHil; p,,, — THUCK B pesepByapi (p,,, =0).

IIpoBigHOCTI Ha AiIAHKAaX CKUAOBOI JIiHil 3amucy-
IOThCA TaK:

A, ’ 2 =Gy (51)
ns_ 1 n6 16 A2
(o Zi:lki dil_—i_ zi: E-’l 9 . 2
i (nd Xpu,m)
A, ’ 2 =G, (52)
n7}L l7i+ n8
Pr i=1 idl. Zi:lE"i
me A;, & — koedimieHTH BTpaT HaAmopy IO AOBMKUHI

TPYOOIIPOBOAY i MicIleBUX BTPAT CKUIOBOI JTiHil;
l;, d, — nmoB)KuHa i BHyTpimHiN AiamMeTp i-TO
TPYOOIPOBOAY CKUAOBOL JiHii, ng, n, — KiIbKicTb
TPyOOIIPOBOMIB PisHUX JiaMeTpiB Ha MEPIIiii Ta APYTii
MiIAHKAX CKUIOBOIL JIiHii, ng, ng — KUIBKICTh MicIieBUX
OIIOPiB Ha IePIiil Ta APYTiil AiMAHKAX CKUI0BOI JiHii.
Bennumnaa X p SAIHCYETBCA Y BUTJIAIL
Xp:t to (1 t=t
4 4
Ie 1} — IPOMIiMKOK uHacy, IPOTATOM AKOI'O y PO3IO-
TiTBHUKY BiIKPUBAETHCA CKUA0OBA JIiHiA.
BpaxoByroun BuIlie ckasane, 1o aHaJIorii 3 piBHAH-
"am (30) 6ymzemo matu

S(t—tg—t) (53)

d2s ds 2 , ,
m36d?+Arpz(aj :_Gw_GT_Gp+
4 1 \(ds) G
S
243 —+— | =| +0.5(F,, - F.
"l6: G (dt} (Fr~Fra)

B (54) t'=t—t,, me t — uac BiJf MOMEHTY IIOYATKY
nepi1moi paldu pyxy YCTaHOBKHU. SIK i mpm pyci Toukn’
migBicy IITAHT Bropy Bich KOOpAMHAT HanpAMJIeHA
Bropy i 8§ BipaxoByeThCA BiJl HMYKHBOT'O IIOJIOMKEHHSA
TOYKM HiJBiCy IIITaHT

ITouaTkoBi ymoBu AJa gudepeHITIaIbHOTO PIBHAHHSA
(b4) e

(55)

Posp’azasmiu qudepennianbae piBHAHEA (54) mpu
BUKOPUCTAHHI ToYaTKOoBUX yMOB (3.68), oTpuMaemo
dyrKLio $(t), o BiANOBiAAE MOYATKOBOMY IPOMiKKY
Yyacy pyXy TOYKM IiABiCy IIITAHT BHUS.
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Ax i mpu pyci Touku migBicy mITaHT Bropy (hikcyeMo
MOMEHT Yacy, B AKUN

1 1
_+_
Ay Arp ) ek

Ile € MmoMeHT yacy, Ipu AKOMY BCS Bara IjIacTOBOL
piauHY HaJ IIYHKEPOM mepenaeThesa Ha Komouy HKT.
IIITanry mpu ITbOMY BKOPOTHINCA (PO3BAHTAMKUINC Bif
Baru piguum), a Koaouu HKT posraraynuca mig Baroio
miractToBol piguaM. lai moOBUHEH HACTYIIUTH MOMEHT,
B AKUY IJTYHKEP IIOYHEe CBill pyX BHUS.

ITouaTok pyxy ILIyHKepa Hacoca BHU3 Oy e I1e Cy-
IPOBOMKYyBaTHCA AedopMallieto KOJOHU INTAHT (1Ie-
(hopmalriero CTUCKY), OCKiTbKY BePXHill KiHeIb KOJOHUT
IITAHT Ma€ MeBHY IIBUAKICTh, AKA HAIpAMJIeHA BHUS,
a HIKHiN KiHelb B Ileff MOMEHT HepyXoMuii. AHaAJIo-
riuHo, AKi IPU PycCi TOYKU MiBiCy IIITAHT BIOPY AJIA
TOJAJIBIIIOTO JOCHIIMKEeHHA 11 pyXy BUKOPUCTOBYEMO
TaKuil HaOJMMKeHUH MeTO [ : KOJIOHY IIITAHT 3 MOMEHTY
t =t5 — At BBayKaeMo Helle()OPMiBHOIO, & MiXK KOJIOHOO
IITAHT i TAYHXKEPOM PO3MiCTIMO IPYKHil eJleMeHT,
JKOPCTKICTh AKOTO TOPiBHIOE JKOPCTKOCTI BCiel KOJIOHT
mraur. B pe3yabpTaTi 1bOro OTpIMYEMO JBOMACOBY Me-
XaHIYHY CUCTEMY: KOJIOHA IIITAHT Pa30M 3 TPaBEPCOIO.
OITOKAaMU 1 MOPIITHAMY 3 OJHi€I CTOPOHM, a 3 APYToi
IUTYHKEeP Hacoca i ImractoBa pifuHa, 10 3HaXOAUTHCA
y KOHTaKTi 3 HuM. MiK muMu gBOMa MacaMM 3HaX0-
OUTHCA IIPYIKHIN e1eMeHT. B MOMEHT ITOUaTKy Pyxy
OJyH)Kepa Hacoca BHU3 KOHTAKT MiK IJIYHKEPOM
i mmacToBOI PiIMHOIO POBPUBAETHCA.

KosnuBHui nporec, 1110 BUHUKAa€E Y KOJOHI IIITAHT
Y MOMEHT HMOYaTKY PyXYy ILTIYHKepa Hacoca BHUS (B MO-
MEHT PO3PUBY KOHTAKTY MiK ILJIYHKEPOM i ILJIaCTOBOIO
pimmHOM0), OyIe PO3TIAHYTO OKPEMO.

Ha pucynky 16 300pakeHO JBOMACOBY MeXaHiuHY
cuctemy. Maca 1 — 11e Maca KOJIOHU IIITaHT PA30M 3 Ma-
caMu TpaBepcH, ITOKiB, MOPIIHIB, a TAKOK 3BEIEHOIO
Macoro pigmHM Beiel cKumoBoil JiHil rigpaBaiuHoi cuc-
Temu. Maca 2 — 1e Maca IJIyH:Kepa i Maca maacToBoi
pimuHuU, 1110 BHAXOAUTHCA HAJ HUM (Y MOMEHT ITOUYaTKy
PYyXy mIyH:Kepa).

Besmuunza nepiroi macu (3Be[eHOI) BUBHAYAETHC
3a POpMYyJI0I0

G,
s" =S(tg +At)=5s(Al, +A1TP)?P . (56)

2 2
@[ 24, | (57
rc A ( )

re re

_ (3) r
M =My, + mTZArprs + m.

e mﬁ?) — Maca piguHM y CKUAOBIiM JiiHil rizpocucte-

MU MidK pesepByapoM IJid PifuHU i MiciieM poarauy-
JKeHHA CKHIOBOI JiHiI; mﬁ‘c‘) — Maca pPiguHU y CKU-
IOBil JIiHil rizpocucTeMu MisK MicIleM PO3ray:KeHHSA
miei cucreMu i rigpaBiaivHMMU KOJIOHAMHU. 3BeJeHa
Maca m,, y popmyi (50) BusHauaeTbCA 3a (HOPMYJIO0
(57).

ITo nepinoi macu npukiageni pymriiiai cunu G, i
Gy, cunu onopy Fp, i Fry, a TaK0XK peakiida 3i cropoHH
IPY’KHOTO eTeMenTa R, (s) = (s* — s(t))c.

PiBuauuga pyxy nepiioi Mmacu Mae TaKUU BUTJIAL:
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d?s dsY
Mos ——+ A - =_Gl'u_G +

3 42 ’pe(dtj T
(58)

4 ds

+2A°% = +0.5 +R
S R ARAE
IIpU MOYAaTKOBUX yMoOBax (t; =tg +At)

(59)

IlIBuzakicTs v° BUBHAUAETHCA i8 O3B’ A3KY (54), (55)
JULsI MOMEHTY Jacy ¢ =iy .
g macu 2 MaTuMeMO 3a7avy:

my—=—G; — Ry (s)+ Fpg

(60)

(61)

Ie Sop.x — MaKcHMasIbHe BilJaleHHA ITyH:Kepa Bin
1ioro HMKHBOTO IOJOXKEeHHA; M, — Maca ILIyH:Kepa
pasoM 3 Macow PiAwHU, IO 3HAXOAUTHCA HAJ ILIYH-
JKepoM.

PosB’sasytoun cucremu piBHAHB (58)—(61), 3HalIZEMO
MOMEHT uacy t' = At;, B AKMH TOYHETHCA PYX ILIYHIKepa
Hacoca BHU3, TOOTO MOMEHT uacy t = t; + At;. Ilosraunmo
t; + Aty =tg. Takum umHOM, piBHAHHA (54)—(55) pasom
i3 cuctemoro piBHAHD (58)—(61) oIMCYIOTH PYX TOUKHU
migBicy miTaHTr Ha ii ' ATiH (asi.

Ha miocTiii (hasi pyxy TOUKHU HiABiCYy IIITAHT TAKOXK
PO3TIAZAEMO JBOMACOBY CUCTEMY, aje y piBHaHHI (60)
3aMicTb Macu m, HeoOxigHo 6patu macy m, . Cucrema
piBHAHD (58)—(61) mpuiime BurIAL

d?s s .
m36_+ Arpz [%) = _Gw _GT +

dt?
(62)
4 1 )(dsY
+2A° [EJFE][EJ +0.5(Fp; — Fpy )+ Ry ()

3 4

Y _o=5"s (63)

d?s
mnﬁz ~Gpy —Ry(8)+Fys.

B piBuanHi (63) s ;0" — Biggasenus Touky miasicy
IITAHT Bif il HUKHBOTO IIOJIOMKEHHSI B MOMEHT IIOUaTKY
PYXY ILIYH:Kepa Hacoca BHU3 i MIBUAKICTh PYXY TOUKH
B Ileii MOMEHT.

ds,

82 = M dt’ =
4:0 Somax t/:O—O-

B MmomeHT mouaTKy pyXxy HJYHKepa Hacoca BHU3
TaKOXX BUHUKAIOTH IIPYsKHI KOJIMBAHHA, AK1 BUKJINKaHL
pisHUITEI0 MIBUAKOCTEHM TOUKY IIiABiCcYy mITauT iy 3’€-
HaHHi mIyHMKepa 3i mrauramu. Kpim Toro, B MOMEHT

TIOYATKY PyXY ILTYHKepa Maca IJIacTOBOI pifiuHy Bix ef-
HYEeTbCA Bi ryHsKepa. [11da po3rasany BKasaHmX KOJII-
BaHb 3HOBY BUKOPUCTAEMO PYXOMY CUCTeMY KOOPIUHAT,
IOYaTOK AKOI 3HAXOMUTHCA Y TOUILl MiABiCY IITAHT.
B pesyabTaTi 1bOro TOUKA IIiABiCY IIITAHT PO3TJIANAETHCS
AK HepyXoMa, TOOTO BiZIciKaeThCsa PyX KOJIOHU IIITAHT
AK a0COJTIOTHO TBEPIOTO Tija, a PO3TJISATa€ThCA TiIbKYU
BiIHOCHU pyX IlepepisdiB KOJIOHM IIITAHT.

ITepeminienHsa nepepisiB KOJIOHY IIITAHT U 3aJIEXKHO
Bif IX KOOpAMHATUA X 1Yacy ¢ ONMCYETHCA XBUJIHOBUM
PiBHAHHAM

2 2
0
20 =2 (64)
ox ot
ITouaTKoOBi yMOBH 3amaui
u
w/ =0, 0t/ - % 65
Yo t=0~ "7 (65)

Ie p — MIBUAKICTH TOUKM IIiABiCy IINTAHTI B MOMEHT
MOYaTKY PyXYy ILIYHKepa Hacoca BHU3.
I'parnuuni ymoBu

7é:0=0.

I'panmuna ymoBa Ha APYroMy KiHIIi 3aIIUIIETHCA TaK:

283/__m16t/13

— acuMeTpUUYHA ONUHWYHA PYHKIIA

0 npu t<0
s,t= .
1 nput>0

I'paruuna ymosa (67) BigpisHaeTbCA Bif rpaHUYHOL
ymoBu (40) Tum, mo npu ¢ >(0 mpasa uactuHa B (67)
IOPiBHIOE HYJIIO.

IIpu posB’sasanHi cuctemu piBHAHG (62)-(65) dix-
CYyE€MO MOMEHT Yacy i =ig + Aty , B AKIN BKIIOUAIOTHCA
HIDKHI KiHIIeBi mepeMuKadi (At, — IPOMiMOK dacy Bif
MOMEHTY IIOYATKOBOTO PYXY ILTYH)Kepa Hacoca BHU3 [0
MOMEHTY BKJIIOUEHHA HUJKHIX KiHIIeBUX IEpeMUKAaUiB).
B momenrT ¢ = tg, OU€BUHO, IIOBUHHA OyTU crpaBemJin-
BOIO pPiBHIiCTH

(66)

(67)

zxes

ITe o3Hauae, 110 Ha choMili (asi (raabMyBaHHI PyXy
TOYKY TifBiCy INITAHT BHU3) MOKEMO PO3TJIAIATUA O~
HOMAaCOBY CUCTEMY, PIBHAHHA AKOI MaTUMe BUTJIAT

2 2
m36§+ Arpz (%] :_Gl'u _GT +
(68)

+2A 4 (£j2+F +F., +F
G3 Gf dt, T1 T2 T3

TIOYaTKOBi1 yMOBU
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(69)
3BeqeHa Maca BUBHAYAETHCA 3a (POPMYJIOI0
2
m,=m, +m,+2A s+m(3) s
38 w T rpr re
rc
2
4

+m£c) Zl +m,. (70)

re

& Sgpy 1 Vg — BIATIOBIZHO BiflaIeHHSA TOYKY IIiJI-
Bicy IIITaHT BiJ 100 HUKHBOTO TTOJIOYKEHHSI B MOMEHT
BKJIOUEHHS HUMKHIX KiHIEBUX IMepPeMUKAaYiB i MBI~
KicTh pyxy 1iei Toukwu.

B (69) npoBinuicTs cKUA0OBOI JiHITI BUBHaUaeTHCA
3a opmyaomo (51), a BeauumHa X, , 10 XapaKTepHU3ye
3aKPpUTTA KaHAJTy PO3IOIiIbHUKA
(71)

x, tAtt" [1-S(t—ty—At,)],
2

ne At, — IPOMLXKOK Yacy, IPOTArOM SKOI'0 3aKPHUBa-

€ThCA CKUO0BA JiHiA rigpocucTeMu.

PiBuanna (64), (65) 3aCTOCOBYIOTHCS B TOMY BUIIAJ-
KY, KOJIU TOUKA MiJIBiCy IIITAHT i IIIYHIKED PyXalThCA
i3 OIHAKOBUMU INBUAKOCTAMU, B iIHIIIOMY BUOAIKY
HeoO0XimHO po3B’A3yBaTH JBOMACOBY CHCTEMY.

B pesyanbrati po3B’as3ky piBHaAHHA (64) pu moyar-
KOBUX yMoBax (65) orpuMaeMo 3aKOHOMiPHiCTh Tajb-
MYBaHHA PYyXy OYKM ITiABiCY IIITAHT.

Ha BochM™iit hasi Touka migBicy mTanr mepebyBae
Y HIKHBOMY IoJo:KeHHi. Ilicasa mporo muKJI moBTO-
PIOETHCA.

Pyx KosloHU niABiCHUX IITAHT ONIMCY€ETHCA qU(hepeH-
MiHUM PiBHAHHAM APYTOT0o NOPAAKY. IcHYIOTH pisHi
MeTonU iX pimrenHsa. B po6oTi BUOGpaHO YMCIOBUI METO/,
PO3B’A3yBaHHA PIBHAHHA PYXY TOUKHU ITiABiCY IIITAaHT
i myH:Kepa Hacoca IIPU 1X pyci Bropy i3 HUKHBOTO II0-
JIO}KEHHA 1 pyXy BHUB i3 BEPXHBOT'O ITOJIOKEHHA BHUS.

Ha ocuoBi po3pobiienol MaTeMaTUUHOI MOZEJi ycTa-
HOBKH JJI BUAOOYTKY Ha()TH CTBOPEHO aJITOPUTMU
i mporpamMu Ipu pyci KOJIOHU KOJIU JiIOTh CUJIU PO3TATY
IIPUKJIaEeH] 10 Hel i oTpuMaHo pe3yabTaTH PO3PaXyHKY.
Mopgeui cTBopeHi A pisHUX has podOTH YCTaTKYBAHHA
Ile pasu migpiManHa HAQTU 13 IIAaCTy HAa TOBEPXHIO
i pasu pyxy migsicy mranr BHu3. IlodyroBano rpadiku
3aJI€KHOCTI PyXy TOUKH miABicy mrtaur B uaci (ii me-
peMimieHHA, MIBUAKICTE i mpucKoperHA). [Ipu npomy
PO3pPaxyHKU NPOBOJUJINCH i3 BpaXyBaHHAM PiBHUX
cuTyalliit poboTy ycTaTKyBaHHS: IPOCTE ITePeMilleHHs;
PYyX Bropy 0es IIyH}Kepa; pyX Bropy i3 ILIYH)KepOM; PyX
BHU3 0e3 MIYHIKepa; PyX BHUB i3 MIYHIKEePOM.

Ha pucysky 2 mokasamo mepeMinieHnHs, IMBUIAKICTD
Ta IPUCKOPEHHA PYXYy TOUKU MiABiCy IIITAHT.

Amnamnis rpadikiB mokasye, 110 TOUKa mepeMi-
MIeHHA NiBicy IITAHT y Yaci 3SMiHIOETHCA 10 3aKOHY
S =0.0044 + 1.0491%*¢, a mBuAKicTs ii 3pocTae mo
sdakoni V' =0.0044 + 1.0491%¢, B TOIi 2Ke Uac IPUCKO-
PeHHd Ha IoYaTKy PYyXY Pi8KO IIajae, a IIOTIM IIJIaBHO
BHMKYETHCS o 3akoHy W = 0.4859 + 0.1881/t.

Takum ynHOM, IJIA BUSHAUEHHA 3aKOHIB PYyXY eJie-
MEHTiB YCTAaHOBKU IIOOY/JOBAHO MaTeMaTHUUHY MOZEJIb
TiApONPUBiLHOI CBEPAJIOBIHHOI YCTAHOBKHY 1 Ha Ii OCHOBL
IIPOBEIEHO aHAJIITUYHI TOCTiIKEHHA TOUKU PYXY KOJIOHU
IIITaHT Bropy i BHU3 6e3 IIYHIKepa i 3 IIYHKEepoM, 10
JTO3BOJISIE PO3POOUTH PAIliOHATIbHI PEIKUMU eKCILTyaTaltii.
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PALLIOHAJIbHE PO3MILLEHHA
PEMOHTHO-EKCNIYATALIMHUX NIAPO31/1IB
A9 ObC/IYTOBYBAHHA MATICTPAJ/IbHUX TA30MNMPOBO/AIB

PALUOHAJ/IbHOE PASMELLEHUNE
PEMOHTHO-3KCINJIYATALMOHHbIX NO/APA3AEJEHUN
A9 ObCNYKUBAHUA MATUCTPAJIbHbBIX TA30MMPOBO/0OB

RATIONAL ACCOMMODATION OF REPAIR
AND OPERATING UNITS FOR MAINTENANCE OF MAIN PIPELINES

AHoTauif. Po32719gaeTbca 3agaya nigBuiLeHHs eKCrlyaTauirHoi HagifHOCTI 2a30TPAHCMNOPTHOI CUCTeMM 3a PAXYHOK PaLli-
OHQ/IbHO20 PO3MILLEHHSI PEMOHTHO-eKCMyaTayiiiHuX Nigpo3ginie B pezioHi 06C1y20ByBAHHS 2a30MPOBOGIB. 30inbLUeHHS Kiflb-
KOCTi | LiAbHOCTI PO3MILLEHHSI PEMOHTHO-eKCIyaTauifiHX nigpo3ginis B pe2ioHi 06C1y20ByBAHHS 2030MPOBOgiB §O3BOMNT
CKOPOTUTU 4dC IPOBEGEHHSI PEMOHTHO-BIGHOB/IIOBA/IbHUX POOIT y BUMAGKY BUHUKHEHHS BIGMOBM HA JIHIVHIA YacTuHi 2a301po-
BOgY 3 0gHO20 OOKY, Ta pu3Bege go 30i/bLLIeHHs BUTPAT HA iX yTPUMAHHS 3 IHLI020. TOMY 3a/1eXHICTb BUTPAT HA eKCryaTauio

IMobygosaHa MaTeMaTnyHa Mogesnb GopMyBaHHS ONTUMAILHOI CXeMU PO3MILLIEHHS! PeMOHTHO-eKCIIyaTavifiHuX nigpo3gi-
NliB B pezioHi 06C1y20ByBAHHS 2a30MPOBOGIB, IKA GO3BO/ISE OMTUMI3YBATH MPOLieC 00CTy20BYBAHHS, L0 NIGBULMTD HAGIAHICTb
eKcrnayarayii 2a30TpaHCNOPTHOI CUCTEMMU.

KnoyoBi cnoBa: komniekcHa cuctema, peMoHT TpyOornpoBogiB, KOHTPO/Ib MA2ICTPAIbHMX TPYOONPOBOgiB, nonepegeHHs
aBAPIAHOCTI.
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AHHOTaAUMSA. PaccMaTpyBaeTcs 3agaya NOBbILLEeHNS SKCIYATALMOHHON HAgeXHOCTH 2a30TPAHCMOPTHON CUCTEMbI 3d CHeT
paLUMOHANbHOR0 PA3MeLLieHMsi PeMOHTHO-3KCI1yaTaUMOHHbIX 10gPa3gesoB B pe2oHe 06Cy)XKMBAHMS 2030MPOBOGOB. YBesn-
YeHue KOMYeCTBA M MAOTHOCTM pa3MelLeHNsi PeMOHTHbIX MOgpa3gesoB B peanoHe 00CayKMBAHMS 2a30MPOBOJOB MO3BOINT
COKpaTUTb Bpemsi mpoBegeHusi 0OHOBUTEbHbIX paboT B Clyyde BO3HMKHOBEHMS! OTKA3A HA JIMHENHOM 4acTu 2a30npoBoga ¢
OQHOJi CTOPOHbI, 1 MpuUBegeT K yBeNYeHMI0 pacxogoB HA MX COgepXaHue 3 gpyao20. Mo3TOMy 3aBUCUMOCTb pACXOGOB HA
IKCMNYATaALMI0 2a30TPAHCIOPTHOM CUCTeMbl KK PyHKLMS NaPAMETPOB ee HAgeXXHOCTU JOKHA MMETb SKCTPeMyM.

[TocTpoeHa matematudeckasi Mogesb oOpMUMPOBAHMS OMTUMANLHOMN CXeMbl pa3MeLLeHnsi PeMOHTHO-3KCyaTALMOHHbIX
nogpasgesnoB B peanoHe 00C/TyKMBAHNS 2a30MPOBOJOB, KOTOPAs MO3BO/ISIET OMTUMM3MPOBATH MPOLECC 0OCAYXMBAHMS, KOTO-
poe MoBbICUT HAGeXXHOCTb SKCMAYATALMM 2a30TPAHCIIOPTHOM CUCTEMDbI.

KnioueBble c10Ba: KOMIIEKCHAs CUCTeMa, PeMOHT Tpyb0npoBOgoB, KOHTPOIb MA2MCTPAbHbIX TPYOOMPOBOGOB, npegynpe-
)KgeHue aBapuiHocTy.

Summary. The task of increase of operating reliability of the gas-transport system is examined due to the rational placing of
repair-operating subsections in the region of maintenance of gas pipelines. The increase of amount and closeness of placing of
repair subsections in the region of maintenance of gas pipelines will allow to shorten time of lead through of restoration works
in the case of origin of refuse on linear part of gas pipeline from one side, and will result in the increase of charges on their main-
tenance from other. Therefore dependence of charges on exploitation of the gas-transport system as a function of parameters

of its reliability must have extreme.

The mathematical model of forming of optimum chart of placing of repair-operating subsections is built in the region of
maintenance of gas pipelines, which allows to optimize the process of service which will promote reliability of exploitation of

the gas-transport system.

Key words: integrated system, pipeline repair, control of main pipelines, accident prevention.

3a OCTaHHIi POKY TPAaH3UTHI MOCTaBKU rady uepes
TEepUTOPi0 YKpaiHnu 3pocTaioThb. B ymMoBax crapinua
MaricTpaJbHUX Ta30IIPOBO/IiB HAOyBae aKTyaJbHOCTL
3amava 3a0es3neueHHsa HagiHHOCTI GQYHKITIOHYBaHHSI
Ta30TPAHCIIOPTHOI CUCTEMU 3 MEeTOI0 6e3mepebiiHoro
TmocTavaHHA ra3y, 3HUKEeHHS BTPAT rady, 3anodiranusa
aBapiii i 3a0pyIHEHHA HABKOJUIITHBOTO CEPEOBUIIIA.
ITpuuomy mpobaeMu 6e3meKH i €eKOJIOTiUHOCTi Mari-
CTPAJIBLHOTO TPAHCIIOPTY a3y BUMAarae ocobJImBO1 yBaru
3 00JTIKOM MOKJIMBUX KaTacTPo(hiuHMX HACTIAKIB aBapiit
i HecIpaBHOCTeH.

CrapiHHa ra3omIpoOBO/iB, BEIUKE YNCJIO aBapiil i yIr-
KO KeHb Ha JIIHIWHIN YacTUHi CepII03HO YCKJIAJHIOIOTh
poIliec TeXHIUHOI eKcIryarallii 06’eKTiB rasoTpaH-
CIIOPTHOI cUCTeMHU, 301JIBIITYIOTh MaTepiaibHi BUTPATH.

Amnaiis ctany MaricTpaJbHUX Ta30IPOBOIB Ha OC-
HOBI peTpoCIeKTUBHOI iH(opmaIil npo aBapii # y1-
KOM’KeHHA Ha JiHINHIN yacTUHI CBiIUUTH ITPO 3HAYHI
Pe3epBU IMiABUIIEHHSA eKCIIJIyaTalliiiHol HaginHOCTL
rasoTpaHcmopTHOi cucteMu. CUTyallis Ha MaricTpasb-
HUX Ta30IIPOBOIaX XapaKTEPU3YEThCA iIHTEHCUBHICTIO
aBapiii 38a octauHi 5 pokiB (0.53 Bunmaakis B pik Ha
TucAdy Km). CriocTepiraerbcsa TPUBOKHA TeHAEHITiA
30i/IBbIIeHHA YKCJIa YIIKOMAKEeHb i HecupaBHOCTeH Ha
MaricTpajabHUX rasonpoBoaax (6.5—7.0 Bunagkis y pik
HA TUCAYY KM).

B neBHi#i mipi 3a6e3meunTy HAAIHHICTS TPAHSUTHOTO
TPAHCIOPTYBaHHA rady II0 CUCTEMi TPAHCYKPalHChKUX
ra30IIPOOBOIiB MTOBUHHA MePesKa MiT3eMHUX CXOBUII]
rasy (IICT), sxa B BumagKy aBapii sgaTHa NpuUAHATUA
HaJIJIUIIOK rasdy i 3a0e3meunT moCTauYaHHA CIIOMKU-
BauaMm. Tomy npu mranyBaHHI i onTumisarii mpoiiecy
obcayroByBauHsA rasorpancnopTHoi cuctemu IICT mo-
BUHHI po3TJIAnaTuca AK OAUH 3 11 eJIeMeHTiB.

Y HOBUX yMOBax rocriofiaproBaHHA HEMAJIOBAKHUHI
eKOHOMIUHWI acneKT 1iei mpobsemMu, OCKinbKY aBapii i
VIIKOAKEeHHA Ha JIIHIMHIA YacTUHI IPU3BOAATH 10 BEJIU-
KUX BTPAT rasy, 30UTKiB BiJi HeIOTIOCTaBKY TTaJINBa, BU-
MAararoTh BUTPAT HA PEMOHTHO-BiTHOBJIIOBAIBHI pOoOOTH.

Sk Bimomo, MeTOoU IIiABUINEHHSA HAAIIAHOCTI raso-
MTPOBIAHUX CUCTEM IOAIIAIOTHCA Ha TOEKCILTyaTalinai
(cxeMHi i KOHCTPYKTUBHI) i eKcITyaTalitiai. BiuBatu
Ha HaJiWHICTb (QPYHKITIOHYIOUOTO ra30IIPOBOAY MOYKHA,
Jauiite 3a6e3MeUUBINY TPABUJIbHY TeXHIUHY eKCILTya-
raiito. Excrryararia, Kpim 6e3mocepeHBOTO BUKO-
PUCTAaHHA OCHOBHOTO i JOTIOMi’KHOTO TeXHOJOTi4YHOTO
yCTaTKyBaHHA A BUKOHAHHA BUPOOHUYMX 3a4a4 I10
TPAHCIIOPTYBAHHIO T'a3y, MiCTUTH ¥ cO0i TAKOK CUCTEMY
TeXHIYHOTO 0OCIYTOBYBAHHSA i PEMOHTY, IT10 IPEICTABJIAE
CYKYIIHIiCTb B3a€MO3aJIeKHIX 3aCc00iB, JOKyMeHTAaIlil
TeXHIYHOTO 00CIYyTOBYBAaHHSA i pEMOHTY, BUKOHABIIiB,
HeoOXiTHUX AJIA MiATPUMKY i BiTHOBIEHHSA SKOCTi 06’ €K-
TiB i iXHiX eJIeMeHTiB, II10 BXOIATH Y CCTEMY.

3 oryisaay Ha Toi (haKT, 110 aBapifiHiCTh MaTiCTPaIbHUX
ra30IIPOBO/IiB BATUIIIAETHCA JOCUTH BUCOKOIO, 8 TEMIIU 1X
«CTapiHHA» BHAYHO BUIIEPEIKAIOTH TEMIIN BUKOHAHHSA
KamiTaJbHOTO PEMOHTY, OMHUM 3 TOJIOBHUX 3aC00iB ITif-
TPUMKU €KCILTyaTaIliiHOI HaAiTHOCTI JIiHifTHOT YacTuH!
€ cucTeMa TeXHiUHOTr0 00CJyTrOBYBaHHSA i PEMOHTY.

Metoam i migxoau o pileHHA ITepepaxoBaHUX 3a-
Iau 6a3yoThCA Ha Pe3yJabTaTaX OCHOBOMOKHUX T0-
cJimKeHb NpoBigHUX yueHux ranysi B. JI. Bepesuna,
II.II. BopomaBkuHna, JI.I'. Tenerina, H. X. Xantuena,
E.M. fcuna, K. E. Pamenkuua, 3.T'. F'aauyaiuna,
A.®. Komsaruna i i.

Pasowm 3 TuMm, aHATI3 OCBiAY eKcILTyaTaIlii rasoTpaH-
CIIOPTHUX CUCTEM i HAYKOBUX TOCJiIKeHb y I1it1 o0acTi
IOBOAUTH HEOOXiMHICTH TOAAIBIIIOTO ITPOPOOTIEHHA
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3a/1av YAOCKOHAJIOBAHHA OpPraHisaIllil eKciayaTariii-
HOTI'0 00CJIyrOBYBaHHS JIiHiIIHOI uacTuHN i i1 eTeMeHTiB.

3 mMO3uUIlili CHUCTEMHOTI0 aHAaJIi3y cucTeMa TeXHiu-
HOTO 00CJIYyTOBYBAHHS i PEMOHTY XapaKTepu3yeThCA
BU3HAUYEHUM CKJIAJIOM, CTPYKTYPOIO i peskuMoM (hyHK-
MioHYyBaHHA.

¥ 3ase)xHOCTI Bijf yMOB eKcIIJIyaTaril peMOHTHO-
EeKCILTyaTalliiHOTO MiIPOo3/iJIy MatOTh PiBHY IOTYKHICTH
i CTPYKTYPY, CTYIIiHB IleHTpadisalii i KonmesTpaii
MaTepialbHO-TeXHIUHUX i iHIIUX pecypcis.

Heo06xigmo BigsHaunTH, 1110 B HANOIMMKUMHA Yac Ha-
BPAM UM BifOyAyThCA iCTOTHI 3MiHM B CTPYKTYpi, opra-
Hizaril i IpuHNUIAaxX KepyBaHHA CUCTEMOIO TeXHIYHOTO
obcayroByBaHHA i peMoHTy. He mpuxoauThes ouikyBa-
THU iCTOTHOTO 30i/IbIIEHHA BUPOOHUUNX ITOTYKHOCTEH
i 3HAUHOTO TTePe030POEHHA PEMOHTHO-eKCILIyaTaIli HHUX
migposainie. Ha ceroguimuiit feHs 6iabITiCTD JiHiHHO-
eKCILIyaTaifHuX Cay:K0 mpu JiHiHHUX BUPOOHMUMX
YIPaBIiHHAX He YKOMILIEKTOBaHI HEOOXiTHOI TeXHi-
KO0 BiITIOBiTHO 0 AiF0UYMX HOPMATUBHUX JOKYMEHTIB.

¥V 3B’A8KY 3 BUIIEBUKJIAIEHUM, IYKe aKTyaIbHUMU
€ 3a7ayui migBUIleHHA e(DEKTUBHOCTI BUKOPUCTAHHA Ha-
SBHUX pecypciB (MaTepiaabHUX, TEXHIUHUX, JIOACBKUIX
iiH.), yIOCKOHAJMIOBAHHA MJIAHYBAHHA KOHTPOJIbHO-
BiJHOBJIIOBAJIPHUX 3aXO0J[iB i KepyBaHHA PEMOHTHO-
eKCILTyaTaIliiHUMHU MiAPO3aiIaMu y X0i 00CTyTrOByBaH-
HA JTiHINHOI YacTUHHY i3 MeTOoI0 3a0e3IIeueHHa HagiHHOI
i 6e3mepebitHOl pOOOTU Ira30TPAHCIIOPTHUX CHUCTEM.

3BasKyBaTHCA MOAI0HA 3aaua MOXKe Ha JeKiIbKOX
piBaax. Ilo-nepirie, Ha CTPYKTYPHO-TEPUTOPiaJIbHOMY
piBHI BUHUKaE 3a7a4a (popMyBaHHS ONITUMAIBbHOI CXeMU
PO3MiIIleHHA PEMOHTHO-EKCITyaTaIlinHNUX ITiTPO3IiJIiB
pisHOI cmertiamisarrii i TOTYsKHOCTI B perioHi 06cIyroBy-
BaHHA CKJIQTHOI ra30TpaHCIIOPTHOI cuctemu. Ilo-apyre,
Ha piBHI chopMOBaHOI perioHATbHOI CUCTEMU TeXHITHOTO
00CJIyrOBYBaHHSA i PEMOHTY IIiHUTHCA MUTAHHSA IIPO Pa-
IioHAJbHE IJIaHYBaHHA KOHTPOJIbHO-BiTHOBIIOBAJIEHIX
3aXO0XiB Ha JIiHiHI# yacTuHi, i ii e1eMeHTaX IIPU 00T PYH-
TOBaHOMY BMOODi cTpareriii obcayropyBanusa. [lo-Tpere,
Ha PiBHI OKPeMOT'0 KOHTPOJIbHO-BiJHOBIIOBAJIHLHOTO
3aX0[y 3araJIbHOI CUCTEMHU TeXHIUYHOT'0 00CIYTOBYBaHHS
i peMOHTY He0oOXimHO 3abe3neunTy BUPOOJIEHHA HaM-
0iybIIT e(heKTUBHUX OPTaHiBaAIiHO-TEXHOJIOTIUHIX
i TexHIYHUX PiIlIeHb Yy X0/l KePYBaHHA IIPOIECOM EKC-
mryaralii OKpeMux JiJIAHOK.

CucreMHUM migXiM, AK TOJOBHUH IPUHITUI BUKOHAHUX
IOCJTiTKeHb, TTepemdauae KOMILIEKCHUM PO3TJIA ITepepa-
XOBaHUX BUIIE 337144, iX CITiibHe BceGiuHe MpopodIeHHs
B x0/i (hopMmarizartii sarajapHOI yHiBepcaJIbHOI MaTeMa-
THUYHOI MOJIEJIi CHCTEMY TeXHIUHOTO 00CIYyTOBYBaHHA i pe-
MOHTY JIiHiHOI YaCTMHU MaTriCTPaJbHOTO Ta30IIPOBOLIY,
i Bumauy pesyJbTaTiB y BUTJIALI HAOOPY opraHisaliiiHo-
TEeXHOJIOTIYHUX PillleHb 3 11 yIOCKOHATIOBAHHA.

3azaua (GopMyBaHHA ONTUMAJIBHOI CTPYKTYPHOIL
cxeMu opraHisarlii perioHaJbHOI cuCTEMU TEXHIYHO-
T0 00CJIYTOBYBAHHS i peMOHTY JiHiMHOI yacTUHMT Ma-
ricTpaJabHOTO Ta30IIPOBONY MiCTUTE ¥ cO0i HACTymHi
eTanmu:
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— (hopmaJrizaria po3paxyHKOBOI cxeMu i (h)opMyBaHHA
BUXITHUX JaHUX II0 JOCTiAKYBaHIiN CCTEMi;

— (opMyBaHHA aJbTePHATUBHUX BapiaHTiB opraHisa-
mii i po3minieHHA TiPO3IiaiB cMCTEMU TEXHIYHOTO
00CJIyrOBYBaHHS i pEMOHTY JiHiHOI YacTUHY Mari-
CTPaJIbHOTO Ta30IIPOBOY;

— OIiHKAa e(DEKTUBHOCTI KOJKHOTO 3 PO3TJIAHYTUX Ba-
piaHTiB;

— BuOip OoITHMAaJIBHOTO BapiaHTa, 110 BigmoBigae mi-
HiMaJIbHOMY 3HAUEHHIO PYHKI[I1 meTu.

Mogenb TexHIUHOTO 00CIYTrOBYBAaHHS i PEMOHTY JIi-
HilfHO1 YaCTHMHU MaricTPaJIbHOTO ra30IIPoOBOY 0a3yeThCAa
Ha CTPYKTYPHUX cXeMaX 00CJIIyroOByBaHHSA BimocobJie-
HOT'O ra30IPOBOJY i CKJIAAHOI PETiOHAJBHOI CUCTEMU
MaricTpajJbHOI'0 I'a30IIPOBOLY.

Jlarna Mmogenb TO3BOJISIE BPAXOBYBAaTU: HEPiBHO-
MipHiCcTh PO3TOiNy MOKAa3HUKIB 6€3BiAMOBHOCTI IO
IDOBKWHI Ta30IIPOBOiB; iCTOTHE PO3XOMKEHHA Ha-
CIiAKiB aBapiii, 110 BUHUKAIOTHh HA TUX UYMW 1HIITUX
OiIAHKAaX MaricTpajbHOTO ra30IIPOBOAY; BIJINB
IPUPOAHO-KJIIMATUYHUX 1 MiApOreoyIoTiuHNIX yYMOB Ha
TPYAOMICTKIiCTDh POOiT 3 TEXHIYHOTO 0OCIYyTOBYBaHHA
i peMOHTY i PO3TOAiT MOKA3HUKIB PEMOHTOIIPULAT-
HOCTI IO Tpaci; 3aJeXKHiCcTh PiBHA PEeMOHTOIIPUAAT-
HOCTI BiJ MOTYXHOCTi 1 KOMIIJIeKTal[il peMOHTHO-
eKCIUTyaTaiiHuX MiAPo3AiIiB TEXHIKOIO i TepcoHaIoM,
00panoi TeXHOJIOTi] pobiT, IPUAHATOL cTpaTerii i pesKu-
My (mepioAnYHOCTi) KOHTPOJIBLHO-BiJHOBIIOBAIBHUX
3aXO0JiB.

ITpu po3pobIti Mmomesri 06¢caAyroByBaHHSA JiHIHHOT
YacTUHU MaricTpajabHOI'0 ra30IPOBOLY IPUWHATI Ha-
CTYIIHI JOTYIIEeHHA:

— PEeMOHTHO-Bif0ymoBUi po6OTH IPOBOAATHCS TOCUTH
PioKo i 3 BUCOKOIO iIHTEHCUBHICTIO, IO IPAKTUY-
HO BUKJIIOUAE MOMKJIUBICTD IXHBOTO HAKJAJEHHI I
YTBOPEHHS Uepru;

— 3a KOKHOIO TiJITHKOIO, ITT0 00CIYTOBYETHCS 3aKPi-
TJIEHO OVH PEMOHTHO-EKCILIyaTalli MHUHN ITi APO3 i,
10 BUKJIIOYA€ MOYKJIMBICTh B3a€EMOJOIIOMOTH 1 38Ty~
YeHHA JOJaTKOBUX IIOTYKHOCTEHN IIPU eKCILTyaTarii
JiHifHOI YacTuHM;

— Y CUJIy He3aJIeXXHOCTI (DYHKI[IOHYBaHHA PEMOHTHO-
eKCILTyaTaIiiHuH TiAPOo3/ia y3araJbHEeHUN TIOKAa3HUK
e()eKTUBHOCTI CUCTEMH TeXHIiUHOTO 06CIyTrOBYBAHHS
1 peMOHTY JiHINHOI YaCTUHYU MaricTpaJbHOTO ra3o-
TpoBOAY (CYKYITHOCTI pEeMOHTHO-eKCITyaTaliiHu i
TiAPO3ain) € BeIUUNHA afUTUBHA.

Posrismemo cucTeMmy 00CJIyroByBaHHSA Biocobie-
HOT'0 Ta30IPOBOIY B PAMKAaX PerioHaJIbHOI MepesKi ma-
ricTpaJibHUX ra30IIPOBO/IIB.

CepenHi cymMapHi TUTOMI BUTPATHU B CUCTEMI TeX-
HiYHOTO 06CIYTOBYBAHHA 1 pEMOHTY JiHiMHOI YacTUHHI
MaricTpaJbHOTO Ta30IPOBOY YV BiIIOBiAHOCTI 3 0OpaHUM
KpurepieM epeKTUBHOCTi, BUBHAUAIOTHCSA BUTPATAMU HaA
CTBOPEHHA i yTPUMaHHA PEMOHTHO-EKCILIyaTaIliiHOTO
migpo3ainy, 30UTKaMU BiJl HEJJOTIOCTABOK T'a3y CIIOMKU-
BayaM, BUTpaTaMu Ha KOHTPOJbHO-BiJHOBJIIOBAJIbHI
impodinakTuuHi 3axonu:
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35 =3ppn +3rop + V17 - (¢))

Y paMKax 3aIIpooHOBAaHOI MOeIi 06CTIyTrOBYBaHH S
JiHIAHOI YaCTUHYM MaTriCTPaIbHOT0 Ira30IIPOBOY 3PYUHO
Po30UTH mepepaxyHOK IMTOKAa3HUKiB e(DeKTUBHOCTI IO
THMUYAaCOBi# 03HAIIi HA OJHOPA30Bi BUTpaTH (KamiTaabHi
BKJIaJIeHHA) i TOTOYHI BUTpATH:

3y :3’+EHziKi(XPEHi;YPEHi) (2)
ne 3 — CcepelHi 3araJibHi MUTOMi BUTPaTH Ha €KC-
IJIyaTallizo i o0CJAYyroBYBaHHS JOCJIiIKyBAHOT'O Ma-
ricTpaJbHOTO Ta30TIPOBOAY; Ki(X PRI YPEHi) — Kairri-
TaJbHi BUTPATU HA CIIOPYIKEeHHA MYyHKTiB 0a3yBaHHA
PEMOHTHO-€KCILIyaTaI[ifHUX TiPO3IiJIiB 3 KOOPIM-
naramu (X, 3 Y, ), OOCIYroByIOUOro i-Ty NiTAHKY
MaricTpaJbHOTO Tra3ompoBoAy; K — HOPDMATUBHUIMA
KoeinieHT e)eKTUBHOCTI KamiTaJIbHUX BKJIAJAEHD.

Y cuny npuiHATUX BUIIE IPUIYINEeHb, 3araJibHI
MMUTOMI BUTPATU B CUCTEMi TeXHIYHOTO 00CTyTOBYBAHHA
1 peMOHTY NOCIiIAKYBAHOI'0 MaTiCTPAIbHOIO Ta30IIPO-
BOJY CKJIaJalOThCA i3 CEpeHIX TUTOMUX BUTPAT 3'Min
10 00CJIYTOBYBAHHIO i-TUX BiZ0COOIEHUX HiISAHOK C KO-

OpAWHATAMU IPAHULD (X5 X, ,):

=Y B(X0 X)), (3)

IlokasuuK 3" CKJIAJHUM o6pas3oM 3aJeKUTh
BiZl pAay KepoBaHUX i BUnagKoBux (PaKTOPiB, 110
BU3HAUYAIOTH PiBeHH 0€3BiAMOBHOCTI i peMOHTOIIPH-
JaTHOCTI JOCTigKyBaHOI JIIAHKY MaricTpajbHOTO
ras3oIIpoOBOAY, HAMOIABIN iCTOTHI XapaKTePUCTUKU
Tpacu B 3alaHUX I'PAHUIIAX, BUPOOHUYUI MOKIUBOCTI
chOpMyJIbOBAHOT'O PEMOHTHO-eKCIIJIyaTallitinmii miz-
PO3IiJ, BEIMYNHY HACTIAKIB BiIMOBJIeHb, VITKOJKEHD
JiHiTHOI yacTuHU:

= Xi+1 d(’gl,(X)
3i(Xi’Xi+1): IXi d—XdX (4)
me 3i'(x) — (PyHKIIA cepefHiX MUTOMHUX eKCILIya-

TAI[ifHUX BUTPAT BiJi KOOPAWHATH B MeXKaxX IJOCJi-
IKYBAHOT'O i-T0 HiIAHKH, 110 0OCIYTOBYETHCA BU3HA-
YeHUM PEMOHTHO-eKCILIyaTAI[ilHUHA MTigpo3aig IIpo
3a/IaHVMU XapaKTEePUCTUKAMU.
Takum unHOM, 3aBAAHHA IIOJISATAE€ Y BUSHAUCHHI
i
MOKa3HUKa

3BpaxyBaHHAM yCiX 1OT0 CKJIaIOBUX

(HeOmTHOPIAHMX XapaKTEePUCTHUK ), 00UMCIIeHHA 3aTajb-
HOT'0 IOKa3HMKa e(peKTUBHOCTIL PO3TJIAHYTOr0 BapiaH-
Ta opraHisalii cucTeMu TeXHIUYHOTO OOCIYTOBYBAHHSA
i peMOHTY, 3icTaBJIeHHi anbTepHATHBHUX BapiaHTIB i
BUOOPi ONTUMAaJNBHOI CTPYKTYPHOI cXeMu OOCIyTOBY-
BaHHA, 110 3a0e3neuye MiHiMaibHe 3HaUEeHHA (QYHK-
mii meTu:

3, > min. (5)

3 BpaxyBaHHAM CKa3aHOTO c(pOPMOBAHO MMOKA3HUK

dgli(x)
dx{[&fﬁf’ + 28058 (X pris Ypemis ) + 316" (x)}

J} Il (

+{[3ﬁf" +230F (X pgms Yppmsx)+ 35" (x )} (6)

:1 [

ecn mp . . PeM
( )|:Taez + Tasl (XPEHi ’YPEHi’x Tast

&:“

_ d
+¢; (x)[TSf" + T3 (Xppmis Yepmsx) + Tl (x)}}i

X
ae, _
+ Qz(x)(x)_}_%;
dx .

me 3" — NOIOMIMCHI cepeJiHi BUTPATH AAHOTO PEMOHT-
HO-eKCILTyaTalliiHOTO MiAPOo3 iy mpu 300pi, miAroTOBITL
i mpoBeneHHI aBapilitHO-BiAHOBIIIOBAIBHUX POOIT;

30l (X pgyri3 Ypgmis) — CepelHi TpaHCIOPTHI Bu-
TpaTU IPU IPOBEJEHH] aBapilfHO-BiJHOBIIIOBAJIbHUX
poOiT Ha i-ifi FINIAHIII PEeMOHTHO-eKCILIyaTaliiHoTo
Tigpo3aisy, po3TaioBaHOMY B IYHKTI AK (DYHKIIA X;

30" (x) — cepesHi BUTpaTy HA IPOBE/ICHHA aBa-
PifiHO-BiAHOBIIOBAILHUX POOIT HA i-i#1 AimAHI JiHifiHOT
YaCTUHU;

¢;(x) — cepepniii nuToMuii 36UTOK Bij HefoIOAAT
(U1 TOBHOTO, MPUIUHEHHA) TTOAaYi rady Ha i-il giaanIi;

T.. — CepefHi THMYAcOBi BUTpATH HA JOMOMiKHI
3axonu (36ip, mMiATOTOBKA) IIPU Ha i-i¥l miaaHIi;

T2 (X pgi3 YpgmisX) — CeDelHA TPUBALICTD TPAH-
CIIOPTYBaHHA PEMOHTHO-EKCILTyaTallifHOTO MiApo3 ity
3 MYHKTY 0a3yBaHHSA (XPEHi;YPEUi) y Touky X i-Toi
IiMIAHKY IPU aBapiliHO-BiTHOBIIOBAJIEHUX POOOTAX;

TP (x) — BuTpaTH yacy Ha aBapiiHO-BigHOB-
JIIOBAJIbHUX POOIT Ha i-i¥t mimanii;

él. ( x) — cepefiHi muTOMI BTpaTH rady (y BapTiCHOMY
BUPAaKeHHA) Ha i-i¥l miaaui;

I e ( x) — CepelHs IMTOMA iHTEHCUBHICTD YCYHEH-
HA aBapih Ha i-ifi ginguni y Mipy iIXHROTO caMoOCTiiHOTO
IIPOABY;

I, (x) — cepenns muToMa iHTEHCUBHICTE JTiK-
Bimamii yImkoaKeHb B Mipy IXHBOTO BUABJIEHHA IIPU
IIepioAMYHOMY KOHTPOJII (IaTPyII0BaHHi);

3y — CepemHi BUTpPATH Ha KOHTPOJIbHO-TIPO(i-
JIAKTUYHI 3aX0Y B X011 IaTPYII0OBAHHA i-TOI TiMIAHKY;

8y — TMEPiOAWYHICTH MATPYMIOBAHHA (KOHTPOJIO,
npodisakTUKM) HA i-i# ginaHI.

BEORaﬁHHRH 3%, 3P SXPEHI’YP 115%);
Thi™s Thi (XPEHL’YPEHZ’x
HepeanOBaHI/IM BUIIle IPU IPOBEAEHHI PEMOHTHO-
BiJHOBIIOBAJIbHUX POOIT 3 yCYHEHHS YIIKOIMKEHD
i HecmpaBHOCTeH (WinMHYU, TPINIUHN, BUTOKY) Ha
niHifiHEi# YacTHHI MaricTpaJbHOro Ta3oIpoBOAyY. Ix
BUIiIeHHA 00YMOBJIEHO iCTOTHUMU PO3XOIKEeHHIMU
B TeXHOJIOTii pobiT, moTpedu B MaTepiajbHO-TEXHIUHUX
pecypcax, obcarax BTpaT i 30MTKiB Ipu mO3aIITaTHUX
CUTyaIlisax.

TakuMm YnHOM, BeJINUNHA IINTOMUX €KCIIJIyaTaIlii-
HUX BUTPAT CKJIAAETHCA 3 BJaCHE eKCILIyaTaI[inHUX
BUTpAT i 30UTKiB BiZf BTpAT i HEJOIIOCTABOK Tasy.

KoxHuii 3 mepepaxoBaHUX MOKA3HUKIB 3aJI€KUTD Bij
pisHUX (haKkTOpPiB, IIT0 BUBHAUAIOTH YMOBH €KCILIyaTaIlil
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KOHKPETHOI JiTAHKHY JOCJIiIMKyBaHOI ra30TPAHCIIOPTHOL
CUCTEeMMU.

Bennuuna xkaniTaJapbHUX BUTPAT HA PEMOHTHO-
eKCILTyaTaliiHuH TiApo3ais, 1110 6a3y0ThCa B IYHKTI

3 koopaunaTtamu (X, Y, ) BUBHAUAETLCA:

K, (%ppmi3Ypem ) = Epasi + Esani * Ex + By (7)
e Kgunis Ko Ky K —ranitansai BKIageHHS,
BiAMIOBimHO: y OYAUHKY i CHOPYAKEeHHA; MaTepiaJlbHO-
TeXHiuHi3anacuipecypcu; ManHau, MeXaHi3MUiTeXHiu-
Hi 3aco0u; coIiaTbHO-TTOOYTOBI YMOBHU AJIS IEPCOHATY
PEMOHTHO-eKCILTyaTaIiiHOTO IiIpo3aiay.

Ominka mepepaxoBaHUX IMOKA3HUKIB He IIPEICTABIISAE
CKJIQTHOCTEI i JIeTKO BUPOOJISIETHCA 0 HOPMATUBHUX
Yy JOKYMEHTaX Ha ITifIcTaBi JaHUX 110 KOHKPETHOMY
PEMOHTHO-eKCILTyaTaIiiHOTOo Iiapo3aiay.

Xapaxrepucruxu 3517, 3B BCI - pBOIT 5q.
JeKaTh BiJl OCHAIIIEHOCTi i KoMIJIeKTaIii peMOHTHO-
eKCIJIyaTalliiHOTO MiApo3Aiay i BUBHAUAIOTHCA HE-
OPAMUM ILJIAXOM UM HITAXOM 00POOKY CTAaTUCTUYHOI
iHn(opMmarii npo AigJAbHICTH PO3IVIAHYTOIO PEMOHTHO-
€KCILTyaTaI[iifHOTO IIiAPO3Aiy.

TpascnopTHi BUTpaTH 3acobiB i yacy BU3HAUAIOTHCSA
CKJIAIOM ITiIPO3AiJIiB 10 MicCIlsT BUKOHAHHS POOiT, TUTIOM
i KigpKicTIO TPAaHCIIOPTHUX 3aco0iB i € yHKITiEO IIeua Bis-
KU (koopauHaTH). 1714 IiAposairy 3 BiqoMO0 OCHAIIIEHICTIO
OUTOMi TPAaHCHOPTHI BUTpaTU ZZ;EPEm — € YMOBHO

. . ()
TOCTiMHOIO BeIUYNHOIO, OI[IHIOBAHOI OKPEMO IJIA KO-
HOT'O PEMOHTHO-€KCILTyaTaIiiHOTO IIiAPo3aiTy:
Tomi:

Sgi (xPEHi sYpEIT ;x) = ZgPEHi 'S(xPEHi ;yPEHi;x) 3)
(1) (1)

Ae S(Xpgp;;Ypgm3x) — T7ede BOSIHHA AK QYHKIIA
KOODAWHATH.

ITpu posriazni perioHaJbHOI TPAHCIIOPTHOI CXeMU
(V IekapToBUX KOOpAMHATAX) HEOOXi1THO BpaxOByBaTH
CKJIQTHY CTPYKTYPY JOPOKHBOI Mepe:ki. [lyia crrporrieH-
Hf 3aa4i B 3aIIPOIIOHOBAHiN Mozesi chopMoBaHi fBa
MOMKJIUBUX BUU TPAHCIOPTHOL CXEeMMU.

ITpu BigcyTHOCTI pOBBUHYTOI Mepeski Jopir npu-
mMaeTbcA Tpaguitiiina cxema TpancrnopryBanua PEIL
o BAOJBTPACOBUM IPoisgax. B ymoBax po3BuHYTOL
IOPOKHBOI MEPEsKi IIede BiSKM BPAXOBYETHCA AK HaM-
KOPOTIIa BificTaHb 0 6yab-AK0i Touku JIY i3 moTouHOI0
KoopauHaToio X. [HmumMu croBamu:

’

Ypemi + |xPEHi —-X
S(%ppmisYppmisx) = 9)

\/ y%Em +(Xppp; — % )2

3aTpaTHO-4acoBi XapaKTePUCTUKU PEMOHTHO-BiI-
HOBJIIOBAJILHUX 3aXO0/iB S‘ﬁgn , gicn , T(fgn , ﬁfn
(TTOKa3HUKYM PEMOHTOIIPUIATHOCTI) BUBHAYAIOTHCA YMO-
BaMU BUKOHAHHSA TUX YU iHITUX POOIT, IPUIHATOO TEX-
HOJIOTi€10 TeXHIYHOTO 00CIYTOBYBAHHSA i PEMOHTY, TPU-
BaJTiCTIO 11 OCHAIIEHICTIO PEMOHTHO-EKCILTyaTaIliiHOTO
oigposaity.

Takum YynHOM, TOOyITOBaHA MaTeMaTHUYHAa MO-
neab (OpMYyBaHHA ONTUMAJbHOI CXeMHU PO3MIiIleHHA
PEMOHTHO-eKCIIyaTalliiHuX OiApo3AiaiB y perioni
00CJIyTOBYBaHHSA Ta30MIpoBoaiB B Komiiekci 3 IICT
B KiHITEBOMY PaXyHKY JO3BOJIUTH OIITUMi3yBaTHU IIPOIEC
00CJIyrOBYBaHHS Ta30TPAHCIOPTHOI cCUCTEeMHU i migBu-
IIUTU HAOiNHICTh il eKcInryaTarii.
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BMJINB IHTEHCUBHOCTI CBIT/IA | ®OTOMNEPIOAY
HA BIOMACY CHLORELLA VULGARIS

BJINMAHNE MHTEHCMBHOCTU CBETA U ®OTOINEPUOA
HA BUOMACCY CHLORELLA VULGARIS

INFLUENCE OF THE INTENSITY OF LIGHT AND PHOTOPERIOD
ON THE BIOMASS CHLORELLA VULGARIS

AHoTauif. [JocnigxeHo BMAMB iHTEHCUBHOCTI cBiTaa i goTonepiogy Ha biomacy C. vulgaris. Po3ansiHyTi Taki pakTopu sk
KifIbKICTb i SIKICTb CBIT/I TA OMPOMIHEHHS! 3d gOMOMO2010 XON0GHUX (1yopecLieHTHUX 1amn 6io20 Koabopy.
KntoyoBi cnoBa:, potocnHTes, iHTeHCUBHICTb CBIT/A, PITONAAHKTOH, aHaboniyHi i kataboniyHi seuwa, biomaca.

AHHOTaAUMA. VIcCnegoBaHoO BANSHUE MHTEHCMBHOCTU cBeTa u goTtoneproga Ha buomaccy C. vulgaris. PaccMoTpeHb! Takme
PaKTOPbI KAK KOIMYECTBO U Ka4eCTBO CBETA U 0B1y4eHMs C MOMOLLbI0 XONOGHbIX P/1yopecLeHTHbIX iamn 6e1020 LBeTa.

KnioueBble cnoBa: $oTocuHTe3, MHTEHCMBHOCTb CBETA, PUTOMIAHKTOH, aHabonyeckue u katabomyeckme spaeHus, buo-
maccd.

Summary. The effect of light intensity and photoperiod on S. vulgaris biomass has been investigated. Factors such as light

quantity and quality and irradiation with cold white fluorescent lamps are considered.
Key words: photosynthesis, light intensity, phytoplankton, anabolic and catabolic phenomena, biomass.
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OHUM 3 OCHOBHUX (DaKTOPiB, AKi BIIJIMBAIOTH Ha

(isiosorito i KiHETUKY 3pOCTaHHA XJIOPEJIU € CBiT-
a0Bi ymoBu [1]. KinbkicTs i sKicTh cBiT/Ia BUBHAUAIOTH
KiJBKicTh eHeprii, JoCcTyImHOI 114 (POTOCUHTE3YIOUNX
OpraHi3miB, AJIsS IPOBeAeHHA IX MeTab0OJTiUHUX IPO-
neciB. YucaeHHI gocCiigKeHHA 3 MiKPOBOLOPOCTAMU
PiBHUX I'DYII CBiAYATH IIPO Te, 110 IirMeHTH, HeHacu4eHi1
SKUPHI KUCJIOTH, BYTJIEBOIM i BMicCT Oi/ika 3MiHIOIOTHCA
y BigmoBignb Ha 30iabIlIeHHA a00 3MeHIIIeHHA iHTeH-
CUBHOCTI cBiTsa. Bapiarii B cBiT/I0-TeMHOMY pexkumi
HaKJIAZaloTh 3MiHI KJIITHHHOTO 3MicTy 0ilIKiB, ByTJIe-
BogiB i mimigis. [1] ¥V po6ori 6ys10 HOCTiAKEHO BIIIUB
iHTeHCUBHOCTI cBiTsa i poTomepiony ma 6iomacy C.
vulgaris. OupomiHeHHs 3MiMCHIOBAIACS 32 TOIIOMOTO0
XOJOMHUX (hJIYOPECIIeHTHUX JaMII 01JI0T0 KOJIBOPY.

IarencusHoCTi cBiTsIa (37,5, 62,51 100 MKEMOJIB (ho-
ToHiB M 2¢c!) i ukam cBitaa / TempsiBu (8:16, 12:12 Ta
16:8 roguH) y BUTJIALI OKpeMUX ITapaMeTpiB i ix B3ae-
Mozl 3HauHO BILIMHYIU Ha Oiomacy C. vulgaris B Kinmi
ekcnoHeHIi#THOI (hasu pocty (Puc. 1) [1]. Binbim TpuBa-
JIUH BILJIUB CBiTJIa TPpUBOAUB 0 36iabItenHa 6iomacu C.
vulgaris (Puc. 2). Oguak inTeHCHUBHICTS CBiT/Ia HaJaBaIa
pisHUMi BIuB Ha 6iomacy; 30iJbIIeHHA iHTeHCUBHOCTI
cBiTia Bix 37,5 mo 62,5 MEMoJb oToHIB M2 ¢! IpusBeso
o 30impmienHa 6iomacu, ase mpu 100 MKMoJIb GOoTOHIB
m2c¢! Giomaca smeHmmaaca. MakcumaabHa 6iomaca
2,05+0,1 r-1! cmocrepiranacsa mpu inTeacusBHOCT 62,5
MEMOJIb poToHIB M2¢! Ta 16:8 rogun, a MiHiMaiIbHA
6iomaca 0,6—0,07 ra! gocaranace mpu 37,5 MKMOJIb
dorouis m?2 ¢! inrencusnHocti i 8:16 roguw [1].

OpmHe mocaim:KeHHs TOKas3aJo, 110 3pocTaHHA QiTo-
IJIaHKTOHY 3aJIeKUTh BiJl 3araibHOI KiJIBKOCTI CBiTJIA
B I€Hb, a B iIHIIINUX AOCJiAKEeHHAX BCTAHOBJIEHO, IO
B 3aJIEXKHOCTI Bif BUAY (DITOIJIAaHKTOHY 3POCTaHHA
MOJKe KOHTPOJIOBATHUCS TiIbKU (poTomepiomom [2—3].
PesyabTaTu y [1] poborti Ha oTomnepioni mokasaiu,
110 30ibIITeHHA TPUBaJIOCTi cBiTiia 3 8:16 10 16:8 ro-
IVH 3pO0UJIO CIPUATINBUY BIJIUB HA BUPOOHUIITBO
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Puc. 1. 3minu xoumenrparnii kiaitun C. vulgaris,
BUPOIIEHUX B TPHOX (poTonepiomax (8L:16D, 121.:12D,
16L:8D) i inTencusHocrti ceirtaa ((a) — 37,5 MmKMoss Mm2¢?,
(b) — 62,5 mmous m2c?, (¢) — 100 mrmoab Mm2ct) [1]
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6iomacu. [lificHO, pe)KUM CBiTJI0/TeMpsaBa TO3BOJIAE
a00 36iIBIIIUTY KiHIEBY KOHIIEHTPAIlil0, 400 3HU3UTU
BuTpaTtu BupobHUITBa. HeobxigHicTs TeMHOI (hasu mo-
SICHIOBAJIACS TUM, 1110 ()OTOCUHTE3 PETryJII0EThCSI JBOMA
peakmiamu: goroximiuHoIO (hasoro, IO 3aJIEKUTH Bi
cBiTia, i iHNI0I0 — GioXiMiuHOIO TeMHOIO (pas3oro, AKa
He 3aJIe’KUTH BiJ cBiTIa

3’eqHaHHdg, K1 BUPOOIAIOTECS Y (Pasi, 3amesxaTh Bix
cBiTia (AT®, HAJI®H), BUKOPHUCTOBYIOTHCSA B TEMHIiH
(asi gaa cuuTedy MeTaboTiuYHUX MOJIEKYJI, HeoOXiTHIX
nisa pocty. Kpim Toro, y [4] po6oTi moBigomMuan, 1o
nedari hpepMeHTH MUKJIY TeHTO3W (hOoTOCUHTEZY 1 (hiK-
canii CO, HeaKTWBHI IiJ 9ac onpoMiHeHHA. 3TiHO
3 Tieio ik [4] poboToio, cIopigHEHiCTh KapOoKcuA3ima-
rasu 10 CO, pisKo 3MeHITyeThCA B TeMPABI, Koau pH
BHUKYETHCS. MIOTO aKTUBHICTH MOXKe OYTU TTOBHICTIO
3abaokoBaHa. I1a imakTuBaIlia 6JI0Kye MOTJINHAHHA
pibymosa 1,5-nudocdara, Take AK TOBHE TOTJINHAHHA,
MOJKe TIePeNTKOIKaTy BiTHOBJIeHHIO (DOTOCUHTE3Y Ha
cBiTai. TemHua (pasa 3anuIiaeTbeca HeoOXiAHOIO, AK Mi-
HiMmyM, nia pererepanii KodpaxTopis (NAD+, NADP+),
HeoOximuux naa ¢asu I porocuuTE3y.

3 15/9 nmukaom GoTomnepiony, BUKOPUCTOBYIOUN
cepito ororpadiii, 3podIeHNX B KOMKHY TOIUHY THA,
[4] mokasaB, 110 TOALT KJIiTUH BifOyBaeThCA B yMOBaxX
HEeJOCTAaTHLOT'O OCBiTIeHHA AJId 6araTboxX OSHOKJIITHH-
uux Chlorophyceaen. Posmozin kiaitun Big0yBaeTbCs
B TeMHil (hasi, a TakoK B oCcBiTJIeHil (hasi. AKImo piB-
HOBara KJIiTUH, IKY Ja€ MiTO3, MOKJIUBA IPU TEMHUX
i ocBiT/IEHUX YMOBaX, PO3MOAiJ KJIITUH BinOyBaeThCA
yacTinie micjsa nepepuBaHHA ocBiTaeHOI hasu. Tomy
Kpallle BUKOPUCTOBYBaTU (hOTOIEPios 3 TPUBAJIICTIO
cBiTna Big 12 mo 15 roguH, 11100 3a6e3meunTy piBHOBATY,
sIKa BCTAHOBJIIOETHCA MisK aHabOIiuHUMY 1 KaTaboiu-
HUMU ABUIAMYU IPOTATOM IUKJIY oTonepiony. Kpim
TOTO, JIJIA IPOMMCJIOBOTO 3aCTOCYBAHHA Ta 00JIiKY CITiB-
BiTHOIITEHHA BUTPAT eHePTii i BiATOBiZHIX BUPOOHUIITB
O6iomacu TpuBaTicTh OCBiTIEHHA IpoTaroM 12—15 roqun
I ocBiTJIeHOI (ha3m 3a3BUYAN BBAXKAETHCA ONITUMAJIb-
HOIO JIJIsT POCTY BogopocTeii [4].
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Puc. 2. Biomaca C. vulgaris Ha Tprox (poTomepiogax
(8:16, 12:12 Ta 16:8 roguH cBiTJIO/TeMpPsABa)
iinrencuBHOCTi cBiTaa (37,5, 62,51 100 MKMOJIB
doronir m2c ) [1]
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Bupob6uuiiTBo 6ioMmacu B 6araTh0X MiKpOBOIOPOCTEH
36iJIbIIIyBaJjIacsa B yMOBaX BHCOKOI OCBiTJIEHOCTI, II10 €
OYiKyBAHOIO BiIIOBiIII0 Ha BUCOKE CBIiTJIO, I1T0 3a3BUYA
MIPU3BOIUTD A0 30i/IbITIeHHA BiATBOPEHHS IO TUX IIip,
TOKU He OyIe crocTepiraTucsa iHTeHCUBHICTh TOUKU
HaCWYeHH4, i micsa mporo crocTepiranoca GPoToinribipy-
BaHHJ, 1110 00MeIKye MoAaIbIlle BUPOOHUIITBO GioMacu.
Ileii epeKT BUKIUKAHUN peakIliero (P)OTOOKMCIEHHA
BCEPEAVHI KJIITUHM, OCKITbKY HAAMipHE CBITJIO HE MOYKe
OyTu morsimHeHe (DOTOCUHTETUYHUM anaparom [1].

OcBiTJI€eHHS CKJIaJa€ThCS 3 IBOX IPEIMETiB: iHTeH-
CUBHOCTI Ta HOB:KUHU XBuJIi cBiTiia. HaaBui gaHi cBig-
YaTh IIPO Te, IO CBiTJO Ai€e AK OpieHTHUD i Jomomarae
BILTMBATH Ha IpoJIidpeparrito KJIiTHH i JomoMarae KJIiTHH-
HOMY AuxaHHIo i (porocmuTedy. Ilig uac ergoTepMivHIX
peakIliii ayis ByrJierieBoro ooMiny moTpi6bHa eHepris,
i 111 eHepria momaeTbeda cBiTaoM. CBiTJIO € OCHOBHUM
¢daxTopoM B mpoiieci oTOCUHTERY 1A IIEPETBOPEHHA
IioKCHUIY BYTJIEIIO B OPTaHiuHi CIIOJIYKU, TaKi AK BYT-
JIeBOAM i OiIKM, B SIKMX BUOIJISAIOTHECA BOLA 1 KICEHb.
SKI110 3pocTaHHA MiKPOBOIOPOCTEN 3/IiICHIOETHCA TIPU
o0MesKeHHi cBiTJIa, KIITHHHI MeXaHi3M1 IPOTPeCYIOTh
3 YTBOPEHHAM BYTJIEITIO Y aMiHOKMCJIOTH 1 1HIII BasK/IMBi
CIIOJIYKU JJIs KJIiTHH, ajle B HaCUYeHOMY OCBiTJIeHHI
301/IBITYETHCSA BUPOOHUIITBO ITYKPY 1 KPOXMAJTIO, a MaK-
cuMaJbHa IMIBUIKICTL POCTy cTabinmisyerhesa. Tum He
MeHIII, eAKi pe3yJIbTaTu CBiAYaTh PO HEKOHKYPEHTHY
CTPAaTETiI0 OCBITIEHHA, OCKIIBKY TEMIN 3POCTAHHA
3aJIUIITAI0THCA BUCOKUMU, a BUTPATHU BUPOOHUIITBA
3MEHNIYIOThCA. []e moB’A3aHO 3 TUM, IIT0 01T KJIiTHH
IJIA OAHOJIAHI[IOMKKOBOI (DOTOCMHTETUYHOI KYJABTY-
pu 3a3BUUail BimbyBaeThCcA B YyMOBaxX HeJOCTATHHOTO
ocBiTiieHHsA. OIHAK IJIS IHINNX BUIIAAKIB IIOLLI KJIITHH
BimOyBaeThCA IK B TEMHIil, TaK i B cBiTOBUX (hasax, aye
UL MiKkpoopraxismis vulgaris Bin0yBaeThes Oirbmmia
TOJiJI KJIITUH Iicyid 3ynuHKY (Da3u OCBITJIEHHS.

B pob6ori [5], 6y0 mocutimxeHo 3aIesKHiCTh 6ioMmacu
Big imTencuBHOCTI cBiT/Ia. Ha puc. 1.6 mokasamo 3Mi-
Ha KoHIeHTpatii 6iomacu i amicty Chl a, Koiu KoH-
nenrpania KNO, i kornenTparnia mormuaaemoro CO,
KoHTpoJroBaiucsa Ha pisui 1,0 MM i 1,0% BigmosigHo.

3pocTaHHA KJIITHH 30iabITyBaOCA 3i 30iabIITIEeHHAM
iHTeHCUBHOCTI cBiTJIA.

fAx moxasawno Ha puc. 1.2.3(a), Tinsku 0,37 v/ 6ya0
OTPUMAHO TP iHTEeHCUBHOCTI 24 MKMOJIb hoToHIB M2c?,
110 MOJKe OyTHU OB’ sAI3aHO 3 OOMeKeHHAM cBiTiaa. 3i
30iIbIIeHHAM iHTeHCuBHOCTI ¢BiTaa 1o 60 MKMOIL
(dorouis m2c! KiaiTuHY Ge3mepPePBHO POCIN i HA CTAITi-
oHapHi crazgii s36upasnu 0,75 r/a C. vulgaris.

OpHak IpU MOJANBIITOMY 30i/IbITTeHHI iHTeHCUBHOC-
Ti cBiTa o 120 MKEMoab poToHIB M 2¢! KOHIIEHTPA-
Iia KJIiTHH gerro 30iablInaacsa Ha IoYaTKOBil cragil
KYJbTHUBYBaHHS, IMiCJIs YOro 0yJia JOCATHYTA HabaraTo
HUJKYa PiBHOBasKHAa KOHIleHTpAaIlisa 6iomacu 0,63 r/x
y IIOPiBHAHHI 3 Taxkor0 mpu 60 MKMOJIB (poToHIB M2c! [5].
3MeHIIeHHA KOHIleHTpaIrii 6iomacu mpu 120 MKMOJTH
(doronis m2c?! moxxke 6yTHu OB’ s13aHO 3 POTOIHTIGIPY-
BAHHSIM.

Bouius inTencuszocTi csiTaa Ha Bmict Chl a Bifg-
moBizmaJso smicTy 6iomacu. SIk mokasano Ha puc. 1.2.3
(b), makcumasnpuuit BmicT Chl a 30inbmryeTses 3 inTeH-
cuBHicTIO cBiTsIa 61u3bKO0 24, 120 i 60 MEKMOJB (hOTO-
uiB Mm2c!. CBiTsio Moske mpusBoguTu 10 3min pH, Mg?*
i NADPH B cTpowmi, 1110 6y/ie MOIy/II0BATH aKTUBHICTH
KJIOUY0BUX (hepPMEHTIiB B IIPOIlECi CUHTE3Y KUPHUX
KucJaoT. BoiuB iHTeHCUBHOCTI ¢BiT/Ia HA BUPOOHU-
ITBO JIiOigiB OyJio 3HalieHO BiAIOBiAHO 40 BILIMBOM
Ha BUpoOHUITBO 6iomacu. IHTeHCUBHIiCTH cBiTJIa B 60
MKMOJIb (DOTOHIB M2c! MOsKe CIPUATYA TOZUTUBHUM
amimam pH, Mg?"i NADPH, a nmortim omocepegKoBaHO
IIOCUJIIOBATY aKTUBHICTDH KJII0OUOBUX (DePMEHTiB, B TOU
yac, AK 00OMeXeHHs cBiTia, Tak 1 ociiabiieHHA cBiTiia
MOJKYTh BHUBUTHU aKTUBHiCTE (pepmeHTy. Takum un-
HoMm, miia C. vulgaris, KyabTuBoBaHuX mig 60 MKMOJIb
dorouis m2c, 6ysI0 OTPUMAHO He TIIbKY HANBUIIUA
BMmicT srinigis B 20,0% , a i1 Hal6iabIIa KOHIIEHTPAIiA
6iomacu 0,75 v/, ToAi AK KIITUHU, KYJIbTUBOBAHI mif
24 i 120 mEMoJb (pOTOHIB M 2¢™!, Mau BMiCT JIiIigiB Bif-
nosiguo 14,1% i11,0% . Takum ynHOM, MaKCHUMAJIbHA
MPOAYKTHUBHICTD mimigis 40 mr-a!-d ! 6ysa orpuMana
npu 60 MEMOJIBL poToHIB M2¢?, 110 6ys10 IpU6GIN3HO B 2
pasu GisbIme, Hisk mpu 120 MmEMoab GporTouie m2c? [5].
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Puc. 3. Bniius onpomiHenHs Ha KoHIleHTpalliio 6iomacu (a) i Chl a smict Chlorella vulgaris (b). (KornenTpania KNO,,

1,0 MmM; Buxinmwit ras, 1,0% CO,; mBuakicTs rasy 1,2 1'xp™; 6esnepepBHe OCBiT/IEHHS; TeMIIepaTypa 25°C) [5]
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¥ nmpuponi peskuM cBiTIIa mepepuBUACTUl, i iHTeH- Maci Ta 6ioximMiuHOMY CKJIani, a MiKPOBOZOPOCTi IIPO-
CUBHICTh 3MiHIOEThCA ITOAHA. TaKUM YMHOM, 3MiHU  ABJAIOTH Pi3HY aJalTaIlio 10 piSHUX YMOB.
B K1JIBKOCTI CBiTJ1a mpU3BOAATH 0 BigMiHHOCTEI B 6io-
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CTPYKTYPU3ALIA TbIOTOPHUX CKJTAJOBUX
HABYAJIbHUX CUCTEM

CTPYKTYPU3ALUUA TbIOTOPHbIX COCTABJIAIOLLNX
YYEBHbLIX CUCTEM

STRUCTURIZATION OF TUTORIAL COMPONENTS
OF EDUCATIONAL SYSTEMS

AHoTauis. [IpegcTaBneHnii y gaHoMmy goCaigxeHHI aHai3 KOHLEMNLili 3aCTOCYBAHHS eKCrepTHUX CUCTEM y HAB4YA/NbHOMY
npoLieci go3BoAMB BUGINTK igeto 3aCTOCYBAHHS TA 04ikyBAHY yHKLIOHA/bHICTb KOMMOHEHTA BipTyanbHOR20 ThioTopd, SKMid
gO3BOJISIE OP2AHI3AL0 CMIIKYBAHHS 3 CTYgeHTOM y GopMi gianozy, B Xogi IKO20 CMCTeMA BU3HAYAE BHYTPILLHIO CTPYKTYpY
gocnigxyBaHoi HaBYA/IbHOI 3agayi Ta go3sosie BUOPATH BignoBigHY TeXHIKY LUTYYHOR0 iHTEeKTy 3a gOMOMO2010 SIKOI gaHy Ha-
BYA/IbHY 30gayy MOXXHA BUPILLINTY HAOIbLL NPOCTMM Ta ePekTUBHUM CriocoboM. [TpOeKTOBAHe pillieHHs Bk/oYaTume B cebe
TaKOX MigCCTeMy NOSICHeHb, L0 GO3BONNTb MigBULLNTU 3a2a/1bHY ePeKTUBHICTb Ta aganTUBHICTb MPOEKTOBAHOI CUCTEMM.

Knio4oBi cnoBa: excrieptHa cuctema, HaBYAIbHA CUCTeMA, BIPTYAIbHUI ThIOTOP, 3HAHHS, 6a3a 3HAHb, MpegMmeTHa 06acTb,
WITYYHUI iHTE/eKT.

AHHOTaAUMA. [pegcTas/ieHHblii B gaHHOM MCCAegOBAHNM AHANN3 KOHLENLMIt MPUMEHeHNs SKCNePTHbIX CUCTeM B y4ebHOM
rpoLecce Mo3BOMNA BbIgeINTb UJelo MPUMEHEHUS! U 0XMgaemyio GyHKLMOHAIbHOCTb KOMMOHEHTA BUPTYa/IbHO20 TblOTOpd,
KOTOPbIi genaeT BO3MOXHbIM 0p2aHM3aLmio 00LLeHus CO CTYgeHTOM B opMe grasnoad, B Xoge KOTOpo20 CUCTeMa orpege-
N15ieT BHYTPEHHIOIO CTPYKTypy mucciegyemoii y4ebHoOi 3agaumn u no3BossieT BblbpaTb MNOGXOGALLYIO TeXHUKY MCKYCCTBEHHO20
MHTe/I1eKTa, C MOMOLLbI0 KOTOPO# 3Ty y4ebHyIo 3agayy MOXHO pelunTb Hanbonee NpocTbiM 1 3PPeKTUBHbIM cnocobom. [1po-
eKTUpyemMoe pelLieHue BKIKoYaeT B cebsi Takxxe nogcuctemy 0ObsICHeHUI, YTO M03BOseT MOBbICUTL 00LLYI0 3PPeKTUBHOCTb 1
aganTUBHOCTb MPOEKTUPYEMOi CUCTeMbl.

KnioueBble cnoBa: skcnepTHas cuctema, 00yyaroLast cuctema, BUPTYa/IbHbIf ThiOTOP, 3HaHMS, 6a3a 3HAHWIA, NpegMeTHast
00611aCTb, MCKYCCTBEHHDbIV MHTE/IIEKT.

Summary. Represented in this research analysis of the concepts of expert systems application in the learning process al-
lowed to select the main idea of the application and expected component’s functionality of the virtual tutor, which makes possi-
ble the process of the discussion with the student in dialogs form, during which the system determines the internal structure of
the studied educational problem and allows to select the appropriate techniques of artificial intelligence by which this learning
task can be solved in the most effective way. Projected solution also includes an explanation subsystem that will enhance the
overall effectiveness and adaptability of the designed system.

Key words: expert system, tutoring system, virtual tutor, knowledges, knowledgebase, subject domain, artificial intelligence.
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Bc'ryn. ABToMaTu30BaHa eKCIePTHA HaBYaJIbHA CU-
cTeMa BBaXKAETHCA PO3IOIIJIEHO0 AKIIO MEXaHi3M
ii pyHKIIiIOHyBaHHA 0a3yeThCsa Ha OCHOBI MepekeBUX
3ac00iB Ta MeTOiB i peasizailiag HaBUAIBLHOTO IIPOIIECY
Ta B3a€MO/ia 3 00’€KTOM HaBUAHHS 341ACHIOETHCS HA OC-
HOBi amapaTHUX Ta IPOrPaMHUX 3aC00iB KOMII I0TEePHOI
Mepeski. BinbIicTs HOBITHIX cuCTeM aBTOMAaTU30BAHOTO
HaABYAHHA AKi BiIHOCATHCA [0 KJIaCy JUCTAHI[IMHUX CIC-
TeM Ta mepeadavaroTh BiaaeHui JOCTYII He BiJHOCATE-
cd 10 JaHOTO KJacy, OCKiJIbKY Opi€eHTOBaHI Ha HaJaHHA
IDOCTYIY OO PEeCYpCiB IJIA BigmaleHNX KOPUCTYBadiB
06e3 BUKOPUCTAHHA O0UUCIIOBAIBHUX MOKJINBOCTEHN
mepesxi. TakuM ymHOM, OCHOBHOIO XapPaKTEPUCTUKOIO €
BUKOPUCTAaHHA 00YNCIIOBATIBHIX MOYKINBOCTEH Meperki
IJid BUPiIIeHHs 3a7av 00’ €KTiB HaBUaHHA Ta OOMiHY
ITaHUMU Mixx HUMH [1-5].

Kpim pyHKI[IOHATBHOCTI Ha apXiTEeKTypy CUCTEM
BIJIMBAIOTH TaKOK BUMOTH IITOJI0 HEOOXigHOCTI opra-
HizaIii eeKTUBHOTO BUKOPUCTAHHA 00UNCIIOBATLHIX
MOJKJINBOCTEI MepeXKi, a caMe MiATPUMKHY TOCTYITY OO
posToIiieHnX AaHUX; HeoOXimHicTh yHi(piKaIii Ta op-
ranizamnii cmissHOI pOOOTH reTePOTEHHNX TPOTPAMHNX
3aco0iB, 1110 3a6e3eYyI0Th PO3IO/ia Ta 00CIYyTOBYBaHHA
HaBYAJLHUX IPOOJIEM.

Heob6ximauM € BUKOpHUCTaHHA 3aC00iB KOHTPOJIIO
poIiecy HaBUaHHsA, 110 JO3BOJISIOTH CTBOPIOBATH TA BU-
KOPHCTOBYBATH CTpATETrii HABUaHHA i BUOMPATH OLTH-
MaJIbHY CTPaTerito HaBYaHHSA BiIITIOBiTHO 1O TOTOYHOL
Mozesti 00’eKkTa HaBuaHHA. EQPeKTUBHICTh 3aCTOCYBaHHA
HaBYAJIBLHUX CTPATETIH 3aJIesKaTMe TaKOXK BiJl HAABHOCTI
IpoIeayp BUBHAUEHHA PiBHA 3HAHDb 00’€KTiB HaBUaH-
HA, a TAKOXK aJlarrTallii cmcTeMu A0 IOTOYHOTO PiBHA
3HAHB 00’€KTy HaBUaHHA. KQeKTUBHUMY peasizamiaMmu
€ IpeIMeTHO He3aJeKHi peasisaltii, AKi MOXKYyTb OyTU
HaNOBHEHI MPUKJIAJHNIMU 3HAHHAMHY BU1JIEHOI TIPe/I-
MeTHOI 06J1acTi i BiAmoBigHO pearisoByBaTy HaBYATIbHUH
TIPOIIeC OPi€HTOBaHMI HA AaHY IpPeAMeTHY 001acThb. Kpim
TOT0 HEOOX1THIM € 3a0e3IIeUueHHs BiIaIeHOr0 JOCTYIIY
00’€KTiB HABYAHHSA 0 CUCTEMHOTO CEPEIOBUIIIA ILJITXOM
BUKOPUCTAHHS CUCTEMU «JIOTiH-TIapOJIb», CTBOPEHHSA Ta
BeZleHH cucTeMu IPo(diiB KOPUCTYBAUiB Ta IOAAIBIIOL
ix imerTH(dikaii Ta mepeBipku (Bepudikaiii) Ha Bcix
eTamax poboTHu 3 cucTemMoro. BigmosigHo mo mpodiais
KOPHCTyBaUiB Ta ix Mozeseil, 1K 00’€KTiB HABUAHHSA CHU-
cTeMa BUKOHYE PO3IiJIeHHSA JOCTYITY 0 HasSsBHUX PECypCiB
HaBUYAJILHOTO KOHTEHTY TIPeiCTaBIeHnX y (hopMi 6a3 faunmx
KOHTEHTY, 0a3 3HaHb KOHTEHTY Ta CXOBUIIl KOHTEHTY.

OmucaHi BJIaCTUBOCTI TO3BOJISIOTEH PO3TJIAIATH TaKy
CHCTeMY SIK CUCTeMY 3 BIIKPUTOIO apXiTeKTypolo 3 Ha-
SABHUMU MOKJIMBOCTAMU HAJAIITYBaHHA, PEKOHDIry-
paiii Ta pos3ImupeHHd, a caMe ILJIAXOM HiTKJII0YeHH A
HOBUX 0a3 maHuX, 6a3 3HaHb Ta MOAYJIiB iH(pepeHIii.
BaxkimBuMm € TaKOXK TaKa (QyHKITIOHAJTBHICTD 3 TOUKU
30py AMHAMIiKY, IMTUKJY HaBUAJIbHOTO IIPOIIECY, II10 II0-
Jdrae B iMIeMeHTalii focTynHEUX (QOpM opraxisarii
HaBYaHHA Ta IX aganTarii 10 IOYaTKOBOTO PiBHA 3HAHb
00’€KTiB HAaBUYaHHsA, IOTOYHOTO PiBHA 3HAHb, BUMOT
1010 TMiICYMKOBOTO KOHTPOJIIO 3HAHB 1 ITiICYMKOBOTO
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piBHA 3HaHb. EpexTNBHE BUKOPUCTAHHSA OOUUCIIO-
BaJIbHUX MOKJIUBOCTEN MEPEIKi 03BOJISIE CTBOPIOBATHI
Ha OCHOBi 6a30BOT0 KJIacy TaKOJK 3MillaHi Ta riopum-
Hi Be6-opieHTOBaHI HaBYaJIbHI CUCTEMU, HATIPUKJIAT,
3 BUKOPUCTAHHAM €KCIIePTHUX ThIOTOPHUX MOJYJIiB Ta
iHTerpaIiero 3 icHyroUnMu cucTeMaMu Ta IaaTdopMamMmmu
OUCTAHI[IMHOTO HABUAHHA.

MeTo10 TaHOTO TOCHiTKEeHHA € PO3POOKa e()eKTUBHOI
CTPYKTYPH BIPOBaIKEHHA THIOTOPHOTO Beb-6a3oBano-
ro pinrenHs Ha 6a3i maaTdopMu icHYyIOUOi eKCcIepTHOI
HaBUYaJbHOI CUCTEMU.

OcHoBHa yactuHa. EQekTBHUM 3acob0M imiie-
MeHTAaIlil 3HaHb CTYAeHTa B HABUAJIBHY cucTeMy (Po3-
mupeHHA 6a3u 3HAHb CUCTEMU, 110 HaBYa€) B IpoIieci
HaBUYAHHA € KOHIEIIisd BipTyaalbHOTO ThioTopa [6].

OcHoBHe 3aBIAaHHA BipTyaJIbHOTO THIOTOPA — podoTa
y Be6-0a30BaHill HaBUAJIbHil cucTeMi AK 3aco0y BUpi-
LIeHHA Ipo0bJIeMU TiITPUMKY HaBUaHHA. KOHKpeTHUM
BapiaHTOM 3a/avi AJ1A BIpTYaJbHOTO THIOTOPA CIAYIKUTH
BifTIOBiHe 3aBAaHHA, AKe HEOOX1THO BUPIIIUTY BUXO/SI-
Yu 3i creriaabHOI MOCTaHOBKY TPO6JIeMU 3 BUKOPHCTAaH-
HSM BiAIIOBIAHOI TeXHIKH IIITYYHOTO iHTEJIEKTY. 3 I[i€f0
MeTOIO BipTyanbHUU THIOTOP HAII1JIEHO CTABUTH 3aIIU-
TaHHS PO BUJ IOCTAHOBKY IPOOJIEMH i € B CTaHi HagaT
IOBiZKOBY iH(popMAalifo IPO KOHKPETHUI cTaH peyeii,
YOMY CUCTEMA 3a/Ja€ KOHKPETHE 3aIIUTAHHA KOPHUCTyBavuy
i AKUY BIJINB MaTUMe BiIIOBiAb Ha pe3yabTar.

3aJie’xHO Bif JOCTATHBHOI KinbKOCTi iH(GopMaIii mpo
TIOCTAHOBKY IIpo0jieMu, SKY OZeP:KaHO Bil KOPUCTYyBaua,
3aJIEKUTH BUOIP CUCTEMOIO Tiel TexHOIO0Til (MeTOAMK M)
MITYYHOTO iHTEJIEKTY, AKa SKOMOT'a HalfKpaIlle IIi1xo-
IUTH AJIA BUPIIIeHHA 3aIIPOIIOHOBAHOI ITPO6IeMHU.

ITpu mpomy nnd peasisartii BipTyaJabHOTO ThIOTOPA
BHOUPAIOTH HACTYIIHI BapiaHTU T€XHOJOTIH IIITyYHOTO
iHTeJIeKTY: eKCIIePTHI cucTeMu; (hasi JIoTiKM; HeHPOHHI
mepexi; hasi-HelipoHHI MepexKi.

PeasizoBana TakUM YMHOM CHCTEMA B 3MO03i 00T PYyH-
TyBaTHU PillleHHA AJIA KOHKpPeTHOI TexHoJoTii. Kpim
IIbOTO, BipTyaJabHUH THIOTOP IPOIOHYE MOMKJIUBICTD
3abesmeuyBaTu MOAi0HI TepeAyMOBY Ta MOSCHEHHSA
3 MOCUJIAHHAM Ha 6i0JIioTeKy JOBiZKOBOI cucTeMu.
V¥ akocti 6i61ioTeKu JOBIAKOBOI cUCTeMU IPAITIOIOTH
3HAHHA, 10 OYIyTh OIPAaIbOBaHi B TOCTiMKyBaHil
npeaMeTHil obsacTi. e 3HaHHA MpeACTaBIAETHCI
y BurJiani cropinox « HTMLy».

Bipryasnbuuii ThI0TOp OpeacTaBiiAe coOO00 misdHA-
BaJIbHUMY iHCTpyMeHT. Ilif misHaBaIbHUM IHCTPYMEHTOM
B IIUPOKOMY SHAYEHHI CJIiJ] BBA’KaTU TEXHOJOTiI0, 110
TiATPUMYE JIOAChKI IYMKU, BUPillIeHHA mpobjeM Ta
IpoIlec HaBUaHHA.

Pasowm 3 TuM, BipTyanbHU THIOTOD IIpeJCcTaBJIeHUN
misHaBaJIbHUM iHCTPYMEHTOM, Ma€ HeoOXimaHe 3aCTOCY-
BaHHA y BUNIiN IMKOJi. [/ TOBHOTO BUKOPUCTAHHA
mmepeBaru, Mo IPOIOHYE CUCTeMa IIPOTPaMHOTO 3a0e3-
meYeHHA y AKOCTI ITiBHABAJILHOTO iHCTPYMEHTa, yBara
MOoBUHHA OyTH aKIleHTOBaHa Ha TOMY, 1100 CTyAeHTaM
OyJia 3aIIPOIIOHOBAaHA MOKJIUBICTEH YCECTOPOHHBOI B3a-
eMozii i3 cucTemMoIo.
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Yepes B3a€MO/Ii10 JIEKTPOHHUX JOIIOMiKHUX 3aC00iB
HaBYAHHA 3 BUKOPUCTAHHAM JiaJIOTy «3alUTaHHA — BiJI-
MOBi/Ib» 3POCTAE KOPUCTH JJIA CTYAEHTIB 110 BiTHOIIIEHHIO
10 BUKOPUCTAHHA IPOCTUX 3aCTAPIINX TOIIOMiKHUX
3aco0iB HaBUaHHA, B ()OPMi IPYKOBAHUX JINCTiB.

Yepes BUKOPUCTAHHA BipTyaJbHOI'O THIOTOPA CTY/I€H-
TH 3MOKYTH OPi€HTYyBaTHUCA B IPOOJIEMHO-0Pi€HTOBAHI
mpeaMeTHilt obsacTi. [[J1s 1bOTO CTYAEHTU OTPUMYIOTh
MOKJIMBiCTH CAMOCTiHHO BUKOPHCTOBYBaTU Beb-0a30Ba-
HY CUCTeMYy Ta Ha il OCHOBi aKyMyJIFOBaTH €KCIIEPTHUHA
IOCJIifT.

BukopucraHHsa BipTyaJabHOTO ThIOTOPA IIepeadaua-
€ThCA B €eKCIIePTHill HaBUAJbHIiN cucTeMi, 1110 poOUTH
MOJKJIMBUM Ii 3acTOoCyBaHHs 6e3 mpoIreciB iHcTamxaIii.
JJIs TOBHOTO BUKOPUCTAHHA IIepeBar eKCIIePTHOI Ha-
BUAJIBHOI CCTEMU MOXKe OYTH TaK0K BUKOPUCTAHA pea-
JIizartis mpoiiecy y BUTJIAL Be6-0pi€eHTOBAHOTO AOJATKY.

Kpim 115010 BipTyaabHUN THIOTOP IPOIOHYE MOK-
JUBICTH KOPUCTYBATUCA IPEIMETHUMU ITOKAKUNKAMUI
3 6a3u 3HAHBb IIpeaMeTHOI obaacTi. 3 omHiel cTopoHU
sHaHHA (0a3a 3HAHB) IIpeAcTaBJaeHa y BUTJISAAL 06i6Ti-
OTEeKU JOBiTKOBOI cucTeMU BipTyaJabHOTO ThIOTOPA,
a 3 iHITO1 — AK OCHOBA JJIA iMILIeMeHTaIlil BipTyaab-
HOTO THIOTOPA y BUIVIAL] 3HAHHA 0a30BaHOI cuCcTEMU.

B nogansmiomy npu iMmmiiemeHTarii BipryajabHOTO
TBIOTOPA CJIiJl 3BBEPHYTH yBary, II1o e HeobXigHo pea-
JII30BYBATH II0 MOAYJIbHO. 3a I[i€l yMOBHU MOJKe JoCsra-
TUCSA aJalITUBHICTH ITi€l cucTeMu J[O iHITOI TpeIMeTHOL
ob6sacti (ITIO). MoaynbHa iMIIIeMeHTaIliA MTOJIETIITUTD
OoaJbITy 3JaTHICTh POSMINPEHHA Ta HAJATOIKeHHA
cuctemu. IIpu peanizarii BipTyaJbHOTO THIOTOPA CIiL
BpPaxXOBYBaTU HACTYIHI BUMOTH:

— BipTyanabHUI THIOTOP IOBUHEH MaTU MOKJINUBICTH
OOT'PYHTYBaHHSA MTUTAHb, 110 TeHEePYIOTHCS CICTEMOIO;

— BipTyaJabHU THIOTOP IOBUHEH BMiTU IIOACHIOBATU
pes3yJIibTaTu CBOiX PillleHb;

— BipTyanbHUI THIOTOP B MerKax HaBeJeHUX IIOSICHEHb
Ta TPAKTyBaHb HOBUHEH BMiTHU IIOCUJIATUCH HA Bif-
noBiguuit posxain I10;

— POOGUTU MOKJIUBUM TOCTYI M0 0i6Ii0TeKM JOBiAKOBOL
cUCTeMU Ta 3A1ACHIOBATH IIPOIECU TOCJIiIKeHHA
Yy BiiTOBiIHOMY 00’ €KTHO-OPi€HTOBAHOMY IOIATKY;

— BIiNICHIOBATH IIPOIlECU KOMYHIKAaIlil B pesKuMi mgiajiory
«IIUTAaHHA—BiATOBiAb» (A1 IIHOTO CJIi mepeabaunuTu
iMIIIeMeHTalIlit0 KOPUCTYBAIbKOTO iHTepdeticy);

— BipTyasJbHUI THIOTOP HEOOXiTHO peasidyBaTH TAaKUM
YUHOM, 1100 cucTeMa MorJia OyTH afalTOBAHOIO AJIA
immux I10;

— B IIOJAJBIIOMY IIepeadaunTH MOKJIUBICTH POSIITU-
PEHHA CUCTEMU.

IITo cTocyeThcA CTPYKTYPH €KCIIEPTHOI HABYAJILHOL
CHUCTEMMU, KA IPeICTaBJIeHa BipTyaJbHIM ThIOTOPOM, TO
BOHA ITIOBUHHA IIpU 1i epIriii TecToBiil iMniemMenTaIii
migTpumyBaTu (00T PYHTOBYBATH) PillleHHA CTYIEeHTA.
BaxivBUM MOMEHTOM € Te, AKY TEXHOJIOTIIO IIITYYHO-
T0o iHTEeJeKTY BUKOPUCTATHU JJIS IIOCTAHOBKHU IIPOEKTY
pimenua. g BupinmeHHd 1iel 3ama4i BipTyanbHUN
THIOTOD IIOBMHEH BUKOPUCTOBYBATH 3 Pi3Hi BUAY 3HAHBD:

— BHAHHS OPO IMOCTAHOBKY 3amadvi (TyT BipTyaJabHUNA
TBIOTOP MOTPebye 3HAHB IIPO BUIU ITOCTAHOBKY 3a1adi,
SIKi TOBUHHI OyTU BUPIIIeHi TEXHOJOTiAMY IIITYYHOTO
inTenexTy). Ile 3HaHHA OTPUMY€E CHCTEMA ITiJT Yac Ji-
aJIOTy «IUTAaHHA—BIAIIOBiAbL» i3 CTyAEeHTOM, e camMma
cucTeMa CTaBUTDH 3aIUTAHHA IO YiTKO BU3HAUEHUX
ITaHUX KOHKPETHOI 3a/1ayi;

— TOSICHEeHHS 3HAHBb: MOBA e PO 3HAHHS, IO MO0~
MOJKYTb HOSCHUTHU HaBeJeHi KPOKU Ta pe3yabTaTh
poboTru. 3a TOTOMOTHY ITUX 3HAHD € MOMKJIUBICTH IT0-
TJIMOUTU PO3YMiHHSA Teopii, 110 JeKUTH B iX OCHOBI;

— BHAHHS IPEIMETHOI 00JIacTi: 11 3SHAHHSI aKyMyJIbOBaHi
Ha IpaBmJIax 0asu 3HAHb. 3a JOIIOMOTHY X 3HAHb Bif-
OyBaeTbCs BIacHe IX 00poOKa BcepenHi BipTyaIbHOTO
ThIOTOpa. 3HAHHA (maHi) mpo gocaimxysany I10 BusHa-
YaioTh BUOIP MUTAHHS ¥ MiajI031 « THTaHHA—BiATIOBiIb»
a’K 0 BUBHAUEHHS 3aIIPOIIOHOBAHOT0 Pe3yJIbTaTy.

Basyrouncs Ha BiATIOBiAAX CTyAeHTa B IpoOIleci mi-
aJorTy «INTAaHHA—BiAMOBib» BipTyaJIbHUHN THIOTOP
(dopMye BHYTPIIIIHIO KAPTUHY ITIOCTAHOBKY IIPOBJIEMHU.
BryTpimua kapTruHa TOCTAHOBKY IIPO0JIEMY BU3HAYA~
€ThCs TAKUMU aTPUOyTaMM: MOAYJIbHICTb, MOYKJIUBICTD
POBIIUPEHHA, MAaTEMATUYHA MOJEb, iHTep(deiic TOIIO.

HaBuasnbHa eKcepTHA CHCTEMA BipTyaJabHOTO ThIO-
TOpAa MPAaIfoe TAKNM YMHOM: JiaJIOT i3 CTYAEHTOM IIPO
IIOCTAHOBKY 3aJjaui; BUBHAUEHHA BHYTPIITHLOI (hopMasIb-
HOI CTPYKTYPU IOCTAaHOBKU 3a/a4i; BuOip Hal6iIbIn
3aCTOCOBHOI TEXHOJIOTII IIITYYHOTO iHTEJIEKTY .

OmnpalffoBaHHA 3HAHb BiJOYyBaeThCA B TPU €TATIN:
eKCIIePTHUH Aiajior 3i cTymeHTOM (TPYIIOI0 CTYIeHTiB),
¢opMyBaHHA BHYTPINTHBOI CTPYKTYPH ITIOCTAHOBKY 3a/1a~
yi(mo6ymoBa MozeJsIi B TeBHOMY I1a06JI0H1) Ta reHepalria
KiHIIeBOTO Pe3yJIbTaTy.

BucHoBKHU. 3aTpoIIOHOBaHAa KOHITETIiA 3aCTOCYBaH-
HS BipTyaJbHOTO ThIOTOPA, 110 6a3yeThCI HA MEeToIaxX
eKCIePTHOI CUCTEMU, TO3BOJUTH HAJAABATHU CTYACHTY
eKCIIePTHY AOIIOMOTY IpU BuOOPi BiATIOBIAHOI TeXHIKMT
IIITYYHOTO iHTEeJIEeKTY, AKa, B CBOIO UEPTy, OyIe BUKOPU-
cTaHa AJIs PillleHHs BiAoBiIHOI HaBYAIbHOI Tpo0aeMu,
1110 3a6e3Ieuy€eThCA iIHTePaKTUBHOIO JiaIoTr-6a30BaHO0
KOHCTPYKI[i€I0 THIOTOPA.

DyHKITIOHATBHICTH THIOTOPA T03BOJISAE AJIA BUI1JIEHOT
HaBYaJIbHOI TpobiieMu (hopMyBaTH ii PillIeHHA AK OCITIi-
JOBHICTH BiIIOBiAHUX TexHiK. OcoOIMBiCTIO BipTyaIbHOTO
THIOTOPA € T€, II10 BiH J03BOJIA€E 3HAYHO IIi/ICHUIIOBATHA
OTPUMYyBaHUI HaBUAIBHNIY e(DeKT IIIAXOM 3aCTOCYBaHHS
E€KCIIEPTHOTO MeTOY BUBEJIeHHA TeKCTiB MOsICHEHD /IO
KOYKHOT'0 3 KDOKiB JIOTiUHOT'O BUCHOBKY, AKWH 3iICHIIIA
cucrema. Peasizalris Takoro TbI0TOpAa y BUTJIA/I1 TEXHOJIOTIT
«Java-applets» 103BOIUTE OTPUMATH IIPOCTE MEPEIKEBO-
opieuToBaHe pimenusa. Kpim Toro, Takuii cmoci6 peasisarii
piIeHHA J03BOJIAE IPEICTaBIEHHA TEKCTIB MMOSCHEHD
y BUIJIALL OKpeMoi 6i61i0TeK1 TeKCTiB OsICHEHD Y (hop-
mi «html- cTopiHOK», 1110 TAKOMK OPiE€HTYE IIPOEKTOBAHE
pillleHHS Ha IEePCIEeKTUBY ITOAAIBIIIOTO PO3IITUPEHHS.

IToganbIiri gocaigxeHHA 1iel TeMaTUKY OYIAYTh Opi-
€HTOBaHI Ha e(heKTUBHY peasisalliio TbIOTOPHOI CUCTEMU
Ta Ii HalOBHEHHSA peaJbHUM KOHTEHTOM.
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BUKOPUCTAHHA Y CBIYLI 3ANTA/TIOBAHHA HACAJJ KU
Y ®OPMI «[NCEBJOCDEPA»

NCIMOJIb3OBAHUE B CBEYE 3AXXUTAHUA HACAJ KU
B ®OPME «[CEBJOC®OEPA»

USE IN CANDLE IGNITION
IN THE FORM «PSEUDOSPHERE»

AHoTaLifl. AHANI3YETbCS NPUPOGA 3POCTAHHS iICKPOBO20 MPOMIXKY B poO04HOMY 0O’ EMI LIeHTPAIbHOR0 e/1eKTPOgy CBiYKM 3a-
Na/0BAHHS. BUBYAETLCA MOX/MBICTb CKACYBAHHS 0OMeXeHb Ha Be/In4Hy poboyo20 00’eMy Kamepu 320psiHHS CBIYKM 3anato-
BAHHS, 3aN006i2aHHs NepegyuacHoOMy enekTPOXiMiYHOMY PYFHYBAHHIO MOBEPXHI en1eKTpogy, a TaKoX 3agavi NikBigauii 3azpo3u
geToHaLii, CTBOPeHHS MOTY)XHO20 NPOMeEHS eleKTPMYHO20 PO3PAgYy TA HASIBHOR0 Teri0B020 BUMPOMIHIOBAHHS.

Knio4oBi c10Ba: enekTpuyHmii po3psg, LeHTpanbHMiA enekTpog, 6a3oBa ocb, nceBgocgepd, MOTYxHMIA MPOMIHb, MAOWMHA
MepugiaHy.

AHHOTaAUMSA. AHAM3UPYeTCH NPMpPOga pocTd UCKPOBO20 paccTosiHUsS B paboyem obbeme LeHTPA/IbHO20 3/1eKTpoga cBeym
3AKM2AHMS. VI3y4aeTcss BO3SMOXHOCTb OTMeHbI 02paHNYeHi Ha BesmynHy paboye2o obbema kamepbl CCOPaHMS CBEYM 3AKM-
2aHKS, MPegoTBPALLeHMS MPexXgeBpeMeHH020 31eKTPOXMMNYEeCKo20 pa3pyLueHus MOBepPXHOCTH 371eKTpogd, a TaKxKe 3agayu
JIMKBMGALUmMm y2po3bl geToHaLmMm, CO3gaHme MOLLHO20 Iy4d 31EeKTPUYeCcKO20 paspsaga N UMeroLLe20Cs Tef0B020 U3NYqeHMSI.

KnioueBble cnoBa: 3n1ekTpuyieckuii papsg, UeHTpaibHbIA 31ekTpog, 6a308as BOT, nceBgocPepd, MOLLHbIN yd, MN10CKOCTb
Mep1guaHa.

Summary. The nature of the spark gap growth in the working volume of the central spark plug electrode is analyzed. The
possibility of lifting restrictions on the working volume of the combustion chamber of the spark plug is being studied, preventing
premature electrochemical destruction of the electrode surface, as well as the task of eliminating the threat of detonation, cre-
ating a powerful beam of electric discharge and available thermal radiation.

Key words: electrical discharge, central electrode, base axis, pseudosphere, powerful beam, meridian plane.
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POIIOHYEMO TeXHiUHe PillleHHA HAJIEKUTh 10 Ma-

IMUHOOYAYBAHHSA, a caMe 0 eJIeKTPoobIaTHAHH S
IBUTYHIB BHYTPIIITHBOTO 3TOPAHHA, 30KpEMa, /10 CBiUOK
3amaaoBaHHA, TPU3HAUECHUX I 3aTlaJI0BaHHI po00U0i
CyMilIi ABUTYHIB.

Bigoma cBiuka 3anasrroBanHA, AKa MiCTUTH KOPITYC
3 00KOBHUM €JIEKTPOJOM, YCTAHOBJIEHUH B HOTO ITeHTPAJIb-
HOMY OTBOPi i80J1ATOD 3 I[eHTPAJILHUM eJEeKTPOIOM,
TOPEeIh AKOT'0 YTBOPIOE 3 60KOBMM €JIEKTPOLOM iCKPOBU
TIPOMiXKOK, i 3’eqHAHY 3 KOPITyCOM HaCaJaKy, AKa Mae
BHYTPIIIHIO PO3IINPEHY Ha30BHI KOHYCHY IIOBEPXHIO,
a TaKOXK KaHAaJ 11 O0KOBOTO eJIeKTPOIa, HacaaKa 3a-
KpiljIeHa B IIeHTPAIbHOMY OTBOPi KOpIyca, a 60KOBUA
eJIeKTPO/I PO3TANIIOBAHUY 30BHI HACAAKU, IPUUOMY
KiHelb 00KOBOTO eJIeKTPONY, AKUI YTBOPIOE iCKPOBUA
TPOMisKOK, PO3TAIIIOBAHWH HAJ HACAAKOI0, IKA MiCTUTH
BEeHTUJIAIINHI oTBOpH [1].

ITixg yac TakTy CTHUCKY BUHUKAE YITiJIbHEHHA po60u0oi
cyMitri, 1Mo CJIyrye i IBUIIEHHIO TUCKY i TeMIlepaTypu.
IIpu nomaui BCOKOBOJIBTHOI HAIIPYTH HA IIeHTPAIbHUN
€JIEKTPO/I, IIOUNHAETHCA 10HIBAI[isA ICKPOBOT'O TPOMIisK -
Ky. B meBHUIT MOMEHT Yacy HacTae npobiii icKpoBoro
IPOMIXKKY.

CTpyM pO3psALY iCKpU Mae BUCOKY TEMIIePaTypy, I10
OPU3BOIUTH A0 YTBOPEHHA MJIa3MEHHOI KyJbKY i 3a-
imaHHA pobouoi cymirnri. Hespaskaioum HA TPUCYTHICTD
TasoBOTO BUXOPA, MOTYKHE MoJe KOHYCHOI HacaaKu
3aXUIIAE BiJl PO3MOBCIOMKEHHS ITOJyM’ A B KamMepi 3To-
pauHda. 'opiHHA pO3BUBAETHCA TIIBKU Y BHYTPILITHIHT
TOPOKHMHI CBiUKY 3aIiajlloOBaHHA.

ITo 3aBepIIIeHHI TAKTY CTUCKAHHSA, CBiUKa 3aIIaJIi0-
BaHHS BUCTPiJII0€ HAKOMIUYEHOIO TEILJIOBOIO eHePTieio
Y BUTJIAL MMOTYKHOTO PO3IIMTHUPEHOTO IIJIa3MeHHOTO
dakeiry. IIpu nocaruenHi paxkesoM eHTPY KamMepu
3TOPAHHSA, TOPIHHA PO3MOBCIOMMKYETHCA CUMETPUYHO
i JocuTh MIBUAKO.

Hepmosikom 115010 TeXHIYHOTO PillIeHHS ITOCTAE aCu-
MeTPUUYHe TOPiHHA CyMili, 10 TOro X, Ha HaAMipHO
IOJOBXKEHiN TpaekToOpil, IpuyoMy, IPU iCKPOBOMY
pO3pALi 3HAUHA [0J1d eHepril BUTpavaeThbCcsa Ha BUIIPO-
MiHIOBaHHA 1 yTBOpPeHHA yaapHoi xBuiri. [lana KoH-
CTPYKIIiA CBiUKM 3allaI0BaHHA HE T03BOJIAE e(DEKTUBHO
BUKOPUCTOBYBATHU €HEPTIiI0 iCKPOBOTO PO3PALY, BHACJII-
IIOK po3cisagnHg i1 B 00’eMi KamMepu 3TOPAHHA IBUTYHA.
Brasanuit He[oJIiK 3BHUIKY€E eHEPTeTUYHUH ITOTEeHITiaa
CBiUKU 3allaJIl0BaHHA B PO3YMIiHHI IMTBUAKOTO i AKic-
HOTO 3aliMaHHs pobouoi cymiti, 1o, B CBOIO Uepry,
He T03BOJISIE CTBOPUTHU HAAiHHY 3aiMUCTiCTh POOOUOL
cyMimIi B KaMepi 3sTOpAHHA.

Bigoma Tako:x cBiuKa 3amajiloBaHHS, IKa MiCTUTDL
Kopmyc 3 60KOBUM eJIEKTPOJOM, BCTAHOBJIEHUH Y 110T0
IeHTPAJbHOMY OTBOPi iB0JIATOD 3 IIEHTPATBHUM €JIEK -
TPOIOM, TOPEIlh IKOT'0 YTBOPIOE 3 60KOBUM €JIEKTPOIOM
ickpoBuii mpomikok [2].

Caiuka 3amajiloBaHHA MIOBUHHA TapaHTyBaTHU 3a-
#MucTicTh pobouoi cyminri B MuiiEApax ABUTYHA IPU
nonxadi Ha Hel BUCOKO1 Hanpyru. Posmirensa cBiuKn
3amaJIlOBaHHS B TOJIOBII OJIOKY ITUIIHAPIB i 4aCTKOBO
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B KaMepi 3ropAHHA CTBOPIOE HAIBBUUANHO HATIPYKEH1
yMoBU ii poboTu.

Hemosik 115010 TeXHIYHOTO PillIeHHA MOJIATAE Y HAAB-
Hill JIuIIe TOOAWHOKIY ITOTOBXKEHIN JTiHiT eJIEKTPUUHOTO
pO3PALY, JKOPCTKUX BUMOTAaX 10 00MeKeHb BeIUUYNHU
pobouoro 06’eMy CBiUKY 3amaaiOBaHHA, HeTOCTATHIN
e(eKTUBHOCTI BaiMuUCTOCTi poOOUOl cyMirri mpu mo-
pytIeHHi 11iel BuMoru i, Kpim Toro, y motrpebdi BUKOpuM-
CTaHHA €JIEKTPUUYHUX CTPYMiB HiABUINEHOTO PiBHA,
[0 TiABOAWTHCA A0 CBiUKMY 3allalOBaHHSA, a TAKOMXK
o0MerKeHHs MIOBEPXHi eJJeKTPUUYHOTO PO3PALY, IIT0O
OPU3BOIUTH A0 3HUKEHHS IIOTYKHOCTI ABUTYHA i 10
301/IBITIeHHA PiBHA MIKiJJINBUX BUKUIIB B HABKOJIUIITHE
CepeloBUIIE TA BUHUKHEHHA IIePeIYacHOTO eJeKTPOXi-
MiUYHOTO pyHHYBaHHSA MOBEPXHIi eJIEKTpOIA.

B ocHOBY mpommoHy€eMOTo TEXHIUHOTO PillleHHA 10~
CcTaBJICHI 3a7aUi cKacyBaHHA 00MeXeHb Ha BeJIMUNHY
pobouoro 06’eMy KaMepu 3TOPAHHSA CBiUKY 3amaT0BaH-
Hs, 3pOCTAaHHA iICKPOBOTO IIPOMiKKY, IT10 30iIBIITUTH
OOTYKHICTh IBUTYHA 1 BMEHININTH PiBEeHDb IIKIIINBUX
BUKU/IiB B HABKOJIUIITHE CEPEIOBUIIE, 3aTI0OITaHHA TIe-
peayacHOMY eJIEKTPOXiMiuHOMY PYHHYBaHHIO TOBEPXHI
eJIEKTPOAY, a TAKOK 3a/jaui JiKBigalii sarposu geTo-
HAaIlii, CTBOPEHHS MOTYKHOTO IIPOMEHA €JIEKTPUIHOTO
po3pALy Ta HAABHOTO TEIIJIOBOTO BUIIPOMiHIOBAHHA.

IIpontonyema cBiuka 3anmanroBanud «IIlceBgochepas
MiCTUTH KOPIYC 3 00KOBUM eJIEKTPOIOM, BCTAHOBJIEHUH
y H10T0 IIeHTPaJIbHOMY OTBOPI 130JIATOD 3 IEHTPAJTbHUM
€JIeKTPOIOM, TOPEIlb AKOTO YTBOPIOE 3 0OKOBUM eJIeK-
TPOAOM iCKPOBUII IPOMIKOK.

TexHiuHM#A pesyabTaT BiJf BUKOPUCTAHHA CBiUKU
samamtoBauHAa «IlceBmocdepa» 3a0e3meuyeTbCAa TUM, ITT0
HUKHIN TOpeIb IeHTPaJTbLHOTO eJIEKTPOAY 00JaJHaHI i
HacagKoio y (hopmi meceBmochepu, 6a3oBa OCh IKOI CITiB-
OCHA 3 IMO3/IOBKHBOIO OCCIO IIEHTPAJIBHOTO EJIEKTPOAY.

HuxHil TOpelsb IeHTPaIbHOT0 eJIeKTPOAY obJIa Ha-
HUU HacaJKom y (hopMmi nceBgochepu 3 JBOMa OTBOPaMU
Ha IPOTMJIEKHNX KiHIsIX cBOoel 6a30Boi ocCi, CIIiBBiCHOIO
3 ITI03J0BXXHBOIO OCCIO IIEHTPAJIBHOTO €JI€KTPOY, KOJIO-
BUI OTBip MIPOKOL BepXHBOI HaCTUHU IIceBocGhepu 0X0-
ILJTIO€ KiHEeIb TOPILA IEHTPAIBHOTO eJIEKTPOAY, & APYTHUiL,
TIIPOTHJIEKHUY OTBip 8By KeHOI uacTUHU IiceBrochepu,
HaIpAMJIeHU B 6iK po60Uoi MoBepXHi HMMKHBOI YaCTUHHT
GOKOBOTO EJIEKTPOLY, IT10 JO3BOJISIE B KAMEPi 3TOPAHHA
cKacyBaTH OOMeKeHHs Ha BeJIUUYNHY POOOUOTO 00’ eMy
KaMepu 3TOPAHHA, 301IbIMTUTH 3aMHUCTICTDL POO0UOT
cyMimiti, 10 TiABUIIUTE MOTYKHICTh IBUTYHA 1 3MEH-
IIUTH PiBEHDb MIKIAJMBUX BUKU/IB B HABKOJIUIITHE CEpe-
IOBUIIE, 3a00ITTH TepeIacHOMY eJIeKTPOXiMiuHOMY
PYVHYBaHHIO IOBEPXHIi €JIEKTPOTY, JIIKBiTyBaTH 3arpo3y
JIeTOHAIIil, CTBOPUTHU MIOTYKHUU ITPOMiHb €JIEKTPUYHOTO
PoO3pPAAY Ta HAABHOTO TEIJIOBOTO BUIIPOMiHIOBAHHA.

Onuc KOHCTPYKITIT
Ha puc. 1 300pakena cBiuka sanamroBansaa «IIceBmo-
cepa» B TO30BKHBOMY IIepepisi; Ha puc. 2 moOKasaHUi
nonepevHN Mepepis HUIKHBOT'O TOPILA 3 HACALKOI0
IEeHTPAJBLHOTO eJIeKTPOoAY (36i/IbI1TeH0); Ha puc. 3. Io-
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Puc. 1
KasaHUH MexaHisM (h)oOpMyBaHHA IIOTYKHOTO ITPOMEHA
€JIeKTPUYHOT'O PO3PALY.

3asBieHa cBiuka sanmanoBaHHA «IIceBmochepar
BUKOPUCTOBYETHCSA AJIA 3aMUCTOCTi pobouoi cymimri

A
(30inbweHo)

11 5

B S

10

Puc. 2

B KamMepi 3TOpAHHA [UJIHAPIB JBUTYHA 1 MiCTUTB KOpPITyC
1 3 TOPOKHMHOIO 2, B AKi¥ pO3MiIeHU IeHTPaTbHUN
eJIeKTPOI 3, eKpaHOBAHUU BiJ KOPIIyCy i3oaTopom 4
(puc. 1). [lo 30BHiNTHLOI TOBEPXHi KOpHycy 1 mpuBapeHo
00KOBUI eJIeKTPOa 5. Po6oua moBepxHA 6 HMMKHBOI Ua-
CTHHY OOKOBOTO €JIEKTPOAY 5 YTBOPIOE iCKPOBUIT ITPOMi-
JKOK O 3 HMYKHIM TOpIleM 7 IeHTPAJIbHOTO eJIeKTPOIY 3.

Huxuil Topens 7 1eHTPaAJIbHOTO eJIEKTPOaY 3 00-
JagHaHUHN Hacagkoio 8 y opmi meceBmochepu 3 1BoMa
OTBOpAMU HA IPOTMJIEKHUX KiHI[AX cBoel 6a30Boi oci
0,0,, cTiBBiCHOIO 3 TTO3OBAKHBOIO OCCIO EHTPATBHOTO
erexTpony 9, KosoBuit oTBip pagiycom R mupoxroi 10
BEPXHBOI YaCTUHY TIceBIOCchepr 8 0XOILITIOE KiHeIh HIK -
HBOTO TOPIIA 7 MEeHTPAJIBLHOTO eJIEKTPOAY 3, a APYTUI,
MTPOTUJIEIKHUM OTBip paziycoMm r 3By:keHoi 11 yacTuaM!
nceBaochepu 8, HanpaAMIeHUH B 6iK pobouoi moBepxHi
6 HMKHBOI YacTUHU 60KOBOTO eJeKTpony b (puc. 2).

Pob6ora 3asaBasiemoi cBiuku 3anaaioBaHHA «IIceBmo-
chepay 3miCHIOETHCA HACTYITHUM YMHOM.

IIpu 3anmoBHEHHI POOOUOIO CYMIIIIIITI0 KaMepPU 3T0-
PAHHA ABUTYHA IIif] YaC TaKTy CTUCKY, iIMITyJIbC BUCOKO1L
HaAIPYTHU MOJAEThCA Ha IeHTPATbHUI eJIeKTPOI 3, e Ha
OT0 HMKHBOMY TOPIIi 7 (DOPMYETHCS 30iIbITIeHA TIOBEPX -
HS eJIeKTpUYHOTO po3pany 12 (puc. 2). IlceBmochepa
8 — moBepxHA, AKA YTBOPEHA 00ePTAaHHAM TPAKTPUCHU
HaBKOJIO ii 6a30Boi oci 0,0, i ABIAECTLCA MOBEPXHEIO
cTaJiol Biy’eMHO1 rayccoBOl KpUBU3HM, AKA IBJIAE COOOIO
TeoOMeTpPUYHE MicIle TOUOK, BiIcTaHb AKUX 0 0a30B0Oi oci
0,0, nceBnocdepu 8 B310B3«K NOTHUYHOI 13 3amumnaersea
omHakoBoio. Ha Bimminy Bix KimacuuHOI chepu, KOaU

b
(3BinbuweHo)

g v
14

Puc. 3
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HE3MiHHOIO 3aJINIIIAETHCA BiICTAHD Bi/l TOUOK ITOBEPXHI
B3J0BYK BHYTPIITHLOI HOpMAJIi 1 TepeTuHAEThCA B OHiH
TOUILi, IIeHTPY chepu, imernyeThCsa pagiycom chepu. Ha-
perrti, Ha BimMiHy Bifg KiacuuHOi cepu, B iceBrochepi
8 3ajuIaeTsrCAa He3MiHHOO BificTaHb 1Mo JOTUYHIH 13 10
TOYKH BHYTPIMIHBOI moBepxHi 6a30Boi oci 0,0, i mi mo-
tuuHi 13 nepernHaioTs 6a3oBy ock 0,0, (puc. 2, puc. 3),
3aJIUNIAI0YNCh OJHAKOBUMH 34 BEIMUYNHOIO. [HIITMME
cJaoBaMu, B miceBaocdepi 8, Ha BiAMiHy Bif KiaacuuHOI
cepu, IIEHTPOM IIOCTAE HE TOYKA IEPETUHY HOpMAaJe,
a CYKYIIHICTh TOYOK IIEPETUHY OJHAKOBUX NJIA BCiel
noBepxHi niceBrochepu 8 roruunmx 13 3 6a30BOI0 0CCIO
0,0, (puc. 3). Inmumu croBamMu, MOMKHA CKA3aTH, 110
IEHTP KJIACUYHOI chepu BUTATYETHCA B OHY JIiHIiIO
y Buraani 6aszosoi oci 0,0, ncesmocdepi 8.

Tarkum YMHOM, €JIEKTPUUYHI PO3PALU i TeIJIOBe BU-
IPOMiHIOBAHHA IIPpU 3a¥IMUCTOCTI ITajuBa B KaMepi
3TOPAHHA, ITaal0UYX B 00paHiil IJIOIMHI MepuIiany Ha
BHYTPIIITHIO TOBEPXHIO IiceBrochepu 8, 6yAyTh BimgOu-
BarHcA i caratu 6a3oBoi oci 0,0, Ha OJHAKOBO PiBHUX
Bigcranax. Hagami Boru npamytoTs o 6asosoi oci 0,0,
mepeTHHAaIOUM i1 Ha PiBHi# AJIaI BCiX TOUOK BimcTaHi
6aszoBoi oci 0,0,. Yci BinduTi TpoMeHi NIOYNHAIOTE iH-
TerpyBatucA Ha 0as3oBii oci 0,0, 3 noTmuHUME BCix
iHmux MepuaiaabHUX maouH 14 (puc. 3) mceBgochepu
8. Ix cyma 3HaUHO HOCHINTD CKJIANOBi €JIeKTPUUHOTO
po3pany i chopmMye BiKe y3araJbHEHUN PO3PAJ Y BUA-
TJISA1 TIOTYsKHOTO TpoMeHd 15 (puc. 2) B HanIpAMKY 110

po6ouoi TTOBePXHi 60KOBOTO €JIEKTPOAY 5 Uepes IPOTH-
JeKHUU oTBip 3BYy:keHoi 11 wacTunu mceBgochepu 8,
110 HAIXOAUTD 10 KaMepu 3TOpAHHA. B pobouiii kamepi
HaACTYIIa€ IPOIeC iHTEHCUBHOIO CTOBiICOTKOBOTO AKiCHE
3TOPSAHHS MaJWBA i Ji€i0 TOTYKHOTO mpoMeHs 15.

Kpim Toro, B po6ouomy 06’eMi Kamepi 3TOPAHHSA
CTBOPIOIOTHCA PeasibHi YMOBHU JJisI CKACYBAHHS KOP-
CTKUX BUMOT OOMEKeHH Ha BeIUYNHY po60UuoTo 00’ eMy
KaMepu 3TOPAHHSA, 30iIbIIIeHHS 3aiMUCTOCTi po6oUoi
CyMirIli, 110 i ABUIMUTH TOTYKHICTh ABUT'YHA 1, pa3oM
3 TUM, 3MEHIIIUTH PiBeHb MIKiIJINBUX BUKUIB B Ha-
BKOJIUIITHE C€PEIOBUIIE, 3aTT00iranua mepegyacHoTo
€JIEKTPOXiMiUYHOTrO PyHHYBaHHA IIOBEPXHI €JIEKTPOAY,
JiKBilyBaHHS 3arpo3U JEeTOHAIlil, CTBOPEHHA MOTY K-
HOTO ITPOMEHS eJIEKTPUYHOTO PO3PAAY Ta HAABHOTO
TEIJIOBOTO BUITPOMiHIOBAHHA.

BucnoBku. TakuM ymHOM, BUKOPUCTAHHSA IIPOIIOHY -
eMo] cBiuKu 3ananmoBanHa «IIlceBmocdepa» JO3BOIUTS,
3a JOIIOMOT'OX0 HOBUX BJIACTUBOCTEN, CKACYBaTHU KOPCTKL
BUMOTHY OOMEJKeHHs Ha BeJINUYNHY Po00uoro o6’ emy
CBiUKM 3aTIaII0BaHHsA, IIiIBUIITUTYA 3aiMUCTiCTDh PO6OUOL
cyMirtri, 1110 JO3BOJIUTE 301IBIINTE MIOTYKHICTE ABUTYHA
IpU He3MiHHUX PIBHUX YMOBAaX 1 3BMeHIINUTHU PiBeHb
MKiAIUBUX BUKUIB B HABKOJIUIITHE CEPEIOBUIIIE, 3aTI0-
0irTu mepemIuacHOMY eJIEKTPOXiMiuHOMY PYHHYBAHHIO
TOBEPXHI eJIEKTPOAY, JIKBiyBaTH 3arpo3y AeToHAIli],
CTBOPUTH MOTYXKHUN TPOMiHb €JIEKTPUYHOTO PO3PAAY
Ta HAABHOT'O TEIJIOBOTO BUIIPOMiHIOBaHHA.
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METO/0/10TI PO3POBKU HOBUX KOMMO3ULIIMHUX
MATEPIAJIIB HA OCHOBI NMANEPY TA KAPTOHY 3 BUKOPUCTAHHAM
IHHOBALIMHUX TA KOMITIOTEPHUX TEXHO10M1

METOA0J10Irne PA3PABOTKN HOBbIX KOMMNO3NLUNOHHbDIX
MATEPUAZI0B HA OCHOBE bYMATU N KAPTOHA C UCIOJIb3BOBAHUEM
WHHOBALMOHHbIX U KOMIMbIOTEPHbIX TEXHOJIOTUN

METHODOLOGY OF NEW PAPER AND APERBOARD
BASED COMPOSITE MATERIALS DEVELOPMENT WITH USE
OF INNOVATIVE AND COMPUTER TECHNOLOGIES

AHoTauis. B poboTi 3anponoHOBaHo MeTogoozilo, sika, 6a3yloumnch Ha 3aCTOCYBAHHI CyYaCHUX KOMITIOTEPHUX TEXHO/IORiM,
MOxce OYTV BUKOPUCTAHA 3 METOK BUPILLIeHHS iHHOBALIMHMX MPONO3MLiM, WO CTOCYIOTbCA NOGA/IbLLMX JOCTIgXKeHb 3 pO3PObKM
Ta CTBOPEHHS Cepii Cy4acHnx exono2iyHo be3neyHnx KOMMOo3nLiiHUX MaTepianiB Ha OCHOBI Lie/IOI03HMX MaTepianis, a came:
nanepy Ta KApTOHy. 3aNpONOHOBAHA B §aHi¥i CTATTi MeT0gos102is BK/IKOYAE TAKi eTany, K MIAHYBAHHS eKCriepiuMeHTy Ha 6asi
rnonepegHbO BM3HAYeHUX HAKTOPIB, WO gAE MOXIMBICTb eKCepuMeHTaTopy OTPUMATU MAKCUMAIbHO MOXJIMBMIA 00Cs2 iH-
gopmauii 3a He3Ha4HOI KibKOCTi eKCrepuMeHTaIbHNUX TOYOK, ONTUMA/IbHO PO3TALLOBAHMX Y AKTOPHOMY MPOCTOPI. A TAKOX
CTBOPEHHS HO OCHOBI pe3y/bTAaTIB eKCepuMeHTaIbHUX JOCigxKeHb MAaTeMaTUYHNUX MOgesel, Lo 3a CBOEIO CTPYKTYPOIO dgek-
BATHO ONUCYIOTb CKAAGHI 30 CBOEIO MPUPOGOI0 NPOLiecH Ta NPUGATHI gas Linesi MOgetloBaHHSA i MOLWYKY ONTUMAIbHUX YMOB
PYHKLiOHYBAHHS 06'EKTIB, sIKi GOCIGKYIOTbCS.

KmoyoBi croBa: eniono3a, nanip, KApToH, KOMNO3WLiHWI MaTepian, ekonozidHa be3nexa, KOMITIOTepHi TexHo0zil, iIHHOBALjii.

AHHOTAuMA. B pG6OT€ fpegoxeHa MeTogo/ioens, KOTopasi, OCHOBbIBAACb HA NMPUMeHEHNN COBPEeMEHHbIX KOMIbIOTEPHbIX
TeXHO/1021I, MOXKeT ObITb MCMOb30BAHA C Lie/iblo peleHnsa MHHOBAUNMOHHbIX I'Ipeg/'lO)KeHMVI, KacaoLwmxcs gG/'IbHeVILUMX nc-
CflegOBGHI/II/UI no pa3pa6on<e 1 CO3gaHnto cepmni COBPeMeHHbIX 3K0J/10enYeckun 6e30nacHbIX KOMMO3MLMOHHbIX MATepnanoB Ha
OCHOBe Le/I/1I0/103HbIX MAaTepnasnos, a MMEHHO: 6yM02M M KapToHa. ”pegﬂO)KeHHCIﬂ B gGHHOI;I CTatbe mMeTogo/ioens BKIto4a-
€T Takue 3Taribl, KaK njiaHnpoBaHne sKCrnepuMmeHTa Ha 6ase rnpegBapunTe/ibHO ornpegeeHHbIX ¢GKTOPOB, gaeTt BO3MOXHOCTb
SKCrepnumeHTaTopy noay4ynTb MAakCMMasibHO BO3MOXHbIi 00bem I/IHQSOPMCILU/II/I npn He3Ha4nTe/ibHOM KOJ/in4ecTBe SKCrnepu-
MEHTA/IbHbIX TOYEeK, ONTUMAJ/IbHO PACrO/IOKEHHbIX B ¢GKTOPHOM NpoCTpaHCTBeE. A Takxe CO3gaHne Ha OoCHoBe pe3y/ibTaToB
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3KCMepUMeHTA/IbHbIX UCCegOBAHMI MATeMATU4eCKux Mogesel, o CBoeii CTPyKType agekBATHO OMMUCbIBAIOLLMX CIIOXHbIE 110
CBOeJi np1poge MpoLecchl U npu2ogHbl G/sl Liesieii MOgeanpoBaHus U MOMCKA ONTUMA/IbHBIX YCI0BMIA (YHKLMOHMPOBAHMS
00beKTOB, KOTOpble MCCegyITCs.

KnioueBble cnoBa: Lennono3a, bymaza, KapToH, KOMMO3MLMOHHbIA MaTepuasn, 3koa02un4eckasi 6e3onacHOCTb, KOMbIOTep-
Hble TeXH01021H1, MHHOBALMMN.

Summary. The paper proposes a methodology based on the application of modern computer technologies, that can be used
to address innovative proposals for further researches on the development and creation of a series of modern environmentally
friendly composite materials based on cellulosic materials, namely: paper and paperboard. The methodology proposed in this
article includes such steps as planning of an experiment based on predefined factors, which enables the experimenter to obtain
the maximum possible amount of information at a small number of experimental points optimally located in the factor space.
And also the creation of mathematical models based on the results of experimental studies, which by their structure adequately
describe by their nature complex processes and are suitable for the purpose of modeling and finding the optimal functioning
conditions of the objects under study.

Key words: cellulose, paper, paperboard, composite material, environmental security, computer technology, innovation.

Ha ChLOTOHIINHIN feHb, Vv 3B A3KY 13 cuTyaIliero,
110 CKJIaLAaeThCA B €eKOJIOTiuHi cdepi HaIIOTO
TOBCAK/IEHHOTO XUTTHA, Ta IPUETHAHHAM Y KpalHu
3 HACTYITHOT'O POKY JI0 IeP?KaB CBiTy, B AKUX 3a00POHSI-
€ThCA BUKOPUCTAHHA B AKOCTI YIIaKOBKY ILJTACTUKOBUX
IMaKeTiB, Y CYCIIiJIbCTBA BUHMKAE 3alIUT Ha iHHOBAILil
I0/I0 CTBOPEHHA HOBUX MaKyBaJIbHUX MaTepiajiB HA
OCHOBI mmamepy i KapToHy, B TOMY YHCJIi KOMOiHOBaAaHUX
3 BUCOKUM KOMILJIEKCOM CTPYKTYPHO-(hisMUYHMUX Ta eKC-
ILIyaTalifHUX BJIAaCTUBOCTEH i KOHKYPEHTOCIPOMOYKHUX
Ha €BpomeichKOMY Ta MiKHAPOAHOMY PUHKAX.

B mawiit po6oTi TpomoHy€eTHCA aKTya bHa Ha JaHUH
MOMEHT MEeTOA0JIOTiA e(DEKTUBHOIO TOETHAHHA iHHOBA-
IiWHUX Ta CyYaCHUX KOMII IOTEPHIX TEXHOJIOTiH 3 METOIO
BUpIIeHHA IPo0JIeM, 1[0 BUHUKAIOTS ITiJ] Yac IJIaHyBaH-
Hf Ta CTBOPEHHA IIPOTPECUBHUX KOMITO3UITIMHIX MaTe-
piasiB, B OCHOBY SKUX 3aKJIaJa€ThCA mamip abo KapToH.

Ax Bimomo [1], ymakoBKa Mae BUKOHYBATHU PA
BasKJIMBUX (DYHKI[iH, a camMe: 3aXUIaTH TPOAYKT, IO
YIIaKOBYETHCA, MAaTHU 3PYUYHY (DYHKI[IOHAJIBHICTh, BU-
CTYIIaTU B IKOCTi IHCTPYMEHTY MapKeTUHTY, & TAKOXK
O0yTu iHdopmaTuBHOIO i eKoJsoTiuHO 6e3meunoro. Ha
JKaJIb, 10 CbOTOJIeHHA PO3POOHUKY MaKyBaJIbHUX MaTe-
piaJiB He 3aBK/IU 3HAXOUJIN PAlliOHAJIBLHUN KOMIIpOMic
MiK BKasaHUMU QYHKIIIMEU YIIaKOBKU. 31e61IbIIT0T0
B I[FOMY KOMITPOMicCi IToTepIiajia Taka BasKJInBa PyHKITiA
VIIAKOBKH, AK €KOJIOTiUYHICTh: BUMOTH AKOI IyJKe 4acTo
irHopyBajsucsa, BpaxoBYIOUN eKOHOMIUHY CKJIAJOBY.
Pazowm 3 Tum, nuTaHHA 3aXUCTY JOBKiJIIA B yMOBaxX
iHTEHCUBHOTO PO3BUTKY MaKyBaJbHOI rajysi, 3a6opoHa
VIIAKOBKY Y BUTJIAI IIOieTUJIEHOBUX IIAKETiB, 3MYIIIY€E
SK BUPOOHMKIB yIIaKOBKU, TaK i CTIOJKMBAYiB TOBapiB Ta
OPOAYKTiB 3PO3YMiTH, 10 AKNX HE3BOPOTHUX KATAKJIi3-
MiB MOJKe TPU3BecTU 0e3MiANbHICTD 100 TIOBOAKEeHHA
3 Birxomamu naxkyBajbHOI rasrysi[1].

3Baskaroum Ha (paKkTH, 110 BUITlE BUKJIAEHi, BCi, XTO
TIeBHUM YMHOM ITOB’ A3aHUM i po3yMieThcA HA TAKyBaH-
Hi, He OyIe 3amepeuyBaTu, IO ITanip abo KapToH, 110
BUTOTOBJAETHCA 3 IEJTI0JIO3W, MOKE CKJIAJaTh OCHOBY
KOMIIOBUIIiTHUX, B T.4. KOMOiHOBaHUX MaTepiamuis [1].
ITenromo3a — 1e HAMOIIBITT POSITOBCIOMKEHUM IPUPOT-
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Huii mosrimep [2], AKMii 3aIUIIIAETHCA OJHUM 3 TOJIOBHUX
1 HaWBaYKJIUBIMIUX BUAIB BUX1THOI CHPOBUHU B Ialie-
pOBiii, mosirpadiuniil i TeKCTUIBHIN TPOMUCJIOBOCTI,
a TaKOX Y BUPOOHUIITBI IMITYYHNX MaTepiaiB i mIiBoK.
Bupobu, B 0CHOBI AKUX IeTIOJO3HUN HaTiBhadpuKar,
JIETKO MiAgar0ThCA YTUIIi3aIlil, 3 MEeTO TOBTOPHOTO
BukopucTtaHA. Cepes iHIMUX IPUPOTHUX i CHHTETUY-
HUX TOJIIMEPiB IeJIf0J103a 3aiMacE i, 3a pALOM TEXHIKO-
eKOHOMIUHUX (haKTOPiB, OyAe 3afiMaTu i B HaMOMMKUi
poKu onHe 3 MPOBigHUX Micib [2]. Pasom 3 TuMm, 3Ba-
JKauU’ Ha BUCOKUU 3alIUT HA I[€JI0J03Y, OOHUM 3 pe-
AJIbHUX JKepeJl BUPillleHHA TPobIeMy CUPOBUHHOI
6asu muia YKpainu, Kpainu 3 o0MeKeHUMHU JiCOBUMU
3amacamMu, aKTyaJbHUM € IITTPOKE BUKOPUCTAHHA OHO-
pivuHUX pOCJIVH i BiAX0iB mepepobKU CiIbCHKOT0OCIIO-
IapcbKoi mpoayKIilii. OTpuMaHHA 3 HUX BOJOKHUCTUX
HamiBGabpuKaTiB — IeJII0JI03UW, HAiBIIEJII0JI0O3H Ta
XiMiKO-TepMOMeXaHIUYHOI Macu Ha OCHOBL IPOTPECUBHUX
IOCATHEHDb HAYKU i TEXHIKM € BayKJINBOIO HAYKOMiCTKOIO
mpo06JIeMoI0, ITIT0 Ma€ BasKJIMBe HAPOJHOTOCIIOJapChKe
3HAUEeHHA AJA eKOHOMiKY Kpainu [3].

SK mokasye mpaKTHKa, YUCTO IEJTIOJIO3HUN ITaIip
caMm mo cobi € maTepiajgoM, AKOMY HaJaHO TOTO abo
1HIIIOTO KOMIIJIEKCY CIIOYKUBUYHUX i eKCIayaTamiiHux
BJIACTUBOCTEMH, B T.4U. cIeMU(MDIYHNIX YN CIEI[iaJIbHUX
[2]. PasoMm 3 TM, HAYKOBO-TEXHIUHUI IPOTPEC ¥ PIBHUX
rajays3sax eKOHOMIKM BuMarae CTBOpeHHA MaTepiaiiB
i3 BJIaCTUBOCTAMU, AKNX HEMOKJINBO TOCATTU, TKIIO
BUKOPUCTOBYBATH TiJIbKU UMCTO IT€II0J03HY CUPOBUHY.
Bce 6isbI11 BasKIMBa POJIb BiIBOAUTHCA KOMIIO3UITi HHUM
marepiaJsiam, B T.4. Ha OCHOBI IIamepy Ta KapTOHY 3a
KOHCTPYKIINHNUM Ta QYHKIIIOHAJHHNM IPU3HAUEHHAM.
TaxuM YnHOM, II€JI0JO03HNMU KOMIIO3UIIITHNMHA MaTe-
piamaMu Ha3MBAIOTHCA MaTepiaand, AKi CKIaZaI0THCA
3 IeJII0JI03HOTO (B AKOCTi OCHOBHM) Ta HEIEJII0JI03HOTO
KOMIIOHEHTa, IPUUOMY, apMyiouy (YHKI[it0 BUKOHYE
IeJII0JIO3HA CKJIAIOBa, a caMe: I1eJIF0JI03H1 BOJIOKHA Ta
chopmoBaHi 3 HUX mamip uu KapToH [1].

BukopucToByoun 0cob6JIMBi BIaCTUBOCTI MiKpo-
CTPYKTYPH IEJIOJO3HNX 1 HEIEeJHJIO3HNUX BOJIO-
KOH, JOCHITHUK Ma€ 3MOT'Y PO3POOUTU TEXHOJIOTi0
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BUTOTOBJIEHHA MaTePiajiB IIIMPOKOTO CIIEKTPY BUKO-
pucranssa. e, HarpukJam, KOMIIO3UITiMHI MaTepiaiu,
fAK1 3maTHI po3ciroBaTu HaIpaBJieHi IOTOKHU CBiTJia,
IIOTJIMHATY 3BYK, afcopOyBaTu rasu i ximiuni xupni
CIIOJIYKU, YTPUMYyBAaTHU Pi3HI peUOBUHU Ta TEILJIO 3a
HUBbKUX UM BUCOKUX TEMIIEPATYDP.

Tarkum YyMHOM, BUKOPUCTAHHA 1HIITUX JOTOMIKHUX
XiMiYHUX PEeUYOBUH 1 KOMIIOHEHTiB Ta 3aCTOCYBaHHSA
BIATIOBITHUX TEXHOJIOTIN HAJA€ MOYKJINBICTh OTPUMATH
KOMIIO3UIIiliHMY MaTepias 30BCiM 1HIITOr0 IPU3HAUEHHS.
BaxauBuM B OTPUMaHHI KOMIO3UIIMHUX KapTOHHO-
ImanepoBUX MaTepiasiiB i BUpobiB 3 HUX 3 HOBUMU i 3a-
IaHUMU CIIeiaJbHUMU BJIACTUBOCTAMU € 3’ € THAHHSA
namnepy 3 iHIMUMYU KOMIOHEHTaMM, CIIOJYYeHHA MiHe-
PanbHUX, IEJI0J03HUX , CHHTETUYHNX BOJOKOH i CMOJI.

Amnajizyoun cuTyalliio y ¢BiTi m1ogo mopyIieHoi
mpobJieMu, MOYKHA BiIBHAUNTH, 1110 B POBBUHEHUX Kpa-
iHAX TUTAHHAM PO3POOKHU Ta OCBOEHHSA BUPOOHUIITBA
KoMOiHOBaHMX MaTepiaiB Ha OCHOBI mamepy i KapToHy
3 3aCTOCYBaHHAM MiHepaJIbHUX 1 CHHTETUYHUX PEUOBUH
MPUIiIAeThCA Ay Ke BeauKka yBara [1].

Or:xe, METOIO JaHOI CTATTI € iHHOBaIiliHI igel, aAKi,
0asyounch Ha 3aCTOCYBaHHI CyYaCHUX KOMI IOTePHUX
TeXHOJIOTi#, JaAyTh MOMAJBIIINH IOIIITOBX 0 PO3POOKM
€KOJIOTiYHO 6e3IIeYHNX KOMIO3UIITHNX MaTepiajiB Ha
OCHOBI ITesrr0103u, a came: mamepy Ta kaprouy. CyTh
iHHOBAIIMHUX ITPOIO3UILifl B HACTYITHOMY.

Bimomo [1], 1110 ofgHi€0 i3 BasKJIUBUX € BUMOTA, SKa
BHUCYBAETHCA [0 ITaKyBAJLHUX MaTepiaiaiB, mpusHaue-
HUX 1J1d (hacyBaHHA IPOAYKTIB XapUyBaHHA 3 BUCOKUM
OUTOMUM BMicTOM KuUpPy. ['0IOBHUM IpU3HAYEHHAM
MaTepiany 3 6ap’epHUMY i 3aXUCHUMU BJIACTUBOCTSA-
MU — IIe CTBOPEHHSA 3aXUCHOTO I1apy, AKUI 3amodirae
mirpariii 0yab-AKUX PEUOBUH J0 YIIAKOBAHOTO IPOIYKTY
30BHi 400 3 manepy (KapToHy). [ly:xe BaiKJIUBUM TaKOK
€ 30eperkeHHs ITOYATKOBOI MIiITHOCTi YyITaKOBKHU Y BO-
JIOTOMY CepPeJIOBUIITi, 3a0e3IeUeHHA 3aXUCHUX BUMOT,
a came: He0OXiTHOTO PiBHSA OOPY IPOHNKHEHHIO BOAN,
mapu, JKupy, Macja, rasy, 3amnaxis, 30epekeHHa popMu
i B0BHINTHBOTO BUTJIAAY MaKyBaHHA. [[OCUTH JKOPCTKI
BUMOTH CTaBJIATHCA 10 YIAKOBKHY BiTHOCHO BILJIMBY Ha
CMAaKOBi BJIaCTUBOCTI i TepMiHiB 30epiraHusa MPOAYKILii.

Tarko:x Taki BUAM MakyBaJIbHUX MaTeEPiaiB MOXKYTh
B IOJAJIBIIIOMY BUKOPUCTOBYBATHCA 3aMiCTh IIepraMeH-
Ty, AKUH 0O CHOTOAHI € BUCOKOAKICHUM JKUPO- i BO-
JOTOMIITHMM MaKyBaJbHUM MaTepiajloM IJIA Xapdo-
BOI IpOMUCJIOBOCTi. Aje, pa3oM 3 TUM, TEXHOJOTisa
oJlep:KaHHA IepraMeHTy, SKa 3acCHOBaHAa Ha XiMiuHINA
mepraMeHTAaIlil momepeagHbO BUTOTOBJIEHOTO IaIepy
BHCOKOKOHITEHTPOBAHOIO CipuaHOIO KUCJIOTOMO [4], €
€KO0JIOT'1YHO HeOe3IIeUHO0, BUMArac CKJIALHOI CUCTEMU
OUUINEHHA CTIYHUX BOJ i CIIEIiaJJbHOT0 YCTATKYBaHHS.

Ha pganwnii mepios TakoK aKTyaJIbHOIO € 3a7ja4Ua PO3-
POOKY eKOJIOTiuHO 6e3IeYHOTO0 CKJIAAY KOMIIOHEHTiB
JIJISI IPOCOYYBAHHA Ta TOT0 BUKOPUCTAHHA 3 METOO
CTBOPEHHS ITAaKyBaJbHUX MaTepiajliiB HOBOT'O MOKOJIiHHA
i3 BacTOCYBaHHSAM CYUaCHUX KOMI IOTePHUX TeXHOJIO-
rifi, AKi MAKCUMAaJIbHO MAaIOTh 3aJ0BOJILHATHI BUMOI'

eKoJIOTiuHOi 6e3IIeKY Ta He CTBOPIOBATH ITPOOJIEM IIif

yac ix yruiaisanii. CBoro uacy B YKpaiHCbKOMY HAYKOBO-

JOocJimHOMY iHCTUTYTI mamepy OyJia IpoBeeHa cepid

eKCIIePUMEHTAIbLHUX MOCTiIKeHb [6], mig uac axux OyB

po3pobiieHni Ta JeTaIbHO IPoaHaIis0BaHUH 071€0(06-

HU CKJIaJ 3 METOIO HiABUIeHHSA XKUPOHEIIPOHUKHOCTL

MMaKyBaJbHUX MaTepiajiB. 3 MJINHOM Yacy BUMOTH 3Mi-

HIOIOTBCA, JKUTTA BIIMara€ HOBUX eKOJIOTIYHO 663HeqHI/IX

po3pobok. ToMy IPOTIOHYETHCS, HA 6a3i HAaTpaIrboBaAHUX

imeti [6], HAMOIMIKINM YaCOM PO3LUINPUTH O CYIACHUX

BUMOT CIIEKTP il IPOCOUYBaIbHOT'0 KOMILIEKCY, 6a3yIo-

Y1Ch Ha 3aCTOCYBaHHI 3aTPOIIOHOBAHMX B JaHIl cTaTTi

KOMII IOTePHUX TeXHOJIOTil. Bee 11e pa3soM mOCayKUTh

TIOJAJIBIITNM IIOIIITOBXOM 10 PO3POOKY €KOJOTiuHO 0e3-

MEeYHNX KOMIIOSUIITHMX MaTepiaaiB Ha OCHOBI manepy

Ta KAPTOHY.

IIporec moBeneHHSA iIHHOBAIINHOI ifel 10 KiHIIEBOTO
pesyJabTaTy, v BiIIIOBiAHOCTI i3 3aIIPOIIOHOBAHOO Me-
TOMOJIOTi€I0, BKJIIOUAE TaKi eTanu, a caMme:

— IJIaHYBAHHSA eKCIIepUMEHTY Ha 6a3i momepeaHbo
BU3HAUeHUX (PAaKTOPiB, IO Ja€ MOKJIUBICTE eKcIIe-
PUMEHTATOPYy OTPUMATU MaKCUMaJIbHO MOXKJIUBUN
obcar imdopmariii 3a He3HAUHOI KiJTbKOCTI eKcIIe-
PUMEHTAJIbHNX TOUYOK, OIITUMAaJIbHO PO3TAIlIOBaAHUX
y (hbaKTOPHOMY ITPOCTOPi;

— CTBOPEHHA Ha OCHOBi pe3yJIbTaTiB eKCIIepUMEeHTAb-
HUX TOCJHiI:KeHb MaTeMaTUYHUX MOJeJeit, 1o 3a
CBOEIO CTPYKTYPOIO aIeKBAaTHO OMTUCYIOTH CKJIAIHI
3a CBOEIO IPUPOIOI0 IIPOIIECH Ta IPUAATHI IJIdA Iiiei
MO/JIeJIFOBAHHA 1 IIOIITYKY ONITUMAJbHIX YMOB (DYHK-
ioHyBaHHSA 00’ €KTiB, AK1 JOCIIIKYIOTHCA.

CuHTe3 aHOHCOBAHUX IIJIaHIB eKCIIePUMEHTY BiI0y-
BaeThCA 3a BUKOPUCTAHHA KPUTePiiB Ta cueriaibHOL
MEeTOI0JIOTi1, iKa 3a0e3MeuyoTh MaKCUMAJIbHY iH(popMa-
TUBHICTD, a TAKOXK (II10 Ay’Ke BasKJINBO) IITYMOCTiHKiCTh
eKCIepPUMEeHTAJIbHUX qocaifkens [6—9]. [IpusnauenHAM
IIPOTPaMHOTO KOMILIEKCY, ITI0 peaslisye 3aJaHUM aaro-
putM, € mobyznoBa bararopiBHeBux (6isbIle ZBOX PiBHIB)
ILJIaHiB aKTUBHOTO eKkcrepuMenTy [8]. Takwmit migxiz
rapaHTye OTPUMAHHI MaKCUMAJIbLHO MOKJINBOTO 00CATY
iHopMaIrii cToCOBHO ITOBEAiHKY CKJIAJHOTO 00’ €KTa, I110
BUBYAETHC, 3a (PiKCOBAHOTO YKCJIA OOCHiAiB. Ampiopi
BiIOMOCTI ITPO CTPYKTYPY 3aJEIKHOCTEHN MijK BiATyKamMu
(mapamerpamu ontTumisariii) i pakTopamu BigcyTHi.

Teopia craTucTUYHOrO IJIaHYBAHHA EKCIIEPUMEHTY
06asyeThcA Ha IPUIYINeHH], 1110 Mo/iesIb 06’ eKTa Bijoma
3 TouHiCcTIO 10 KoedittieuTis [8]. Ile mo3BoJIsI€ eKcIIepU-
MeHTaTOPY 3HUB3UTU BUMOTH A0 iH(OPpMATUBHOCTI ILIa-
HY: BPaXOBYIOTHCA IIPU I[LOMY BCHOTO Jiuiiie 2—3 piBHA
BapiroBaHHA (PAKTOPiB, a JOCIiAU CKOHIIEHTPYBaTHU Ha
rpaHuIli obJsacTi ekcrepuMeHTy. Pasom 3 Tum, IKIIO
IIOPYIIYKOTHCA YMOBHU HpI/IfIHﬁTOPO IPUIIYIIE€HHA, TO
pisko 3pocTae IMOBipHiCTh MPOSABY BKpail HeOaKaHUX
HaCJiAKiB, BUKJINKAHNX IOOYAOBOIO MOMJEJIi, AKa €
HeaJeKBaTHOIO 10 00’ €KTY, BUHUKAIOTH I'Py0i TOXUOKK
B IDOTHO3YBaHHI Ta IPUNHATTI pillleHsb 1 Take iHIIe.

3 MeTOI0 YHUKHEHHSA BUIIeHAa3BaHUX ITPo6JieM, IIpo-
MMOHYETHCA BUKOPUCTAHHA JONATKOBUX KPUTEPiiB Ad
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mo0ymoBu iH(GOPMATUBHOTO ILJIAHY €KCIIEPUMEHTY 3a

3HAYHOTO 00MeKeHHA obJracTi mepebopy BapiauTis [8].
Braszani Bumoru moskHa 3a6e3meunT, BUKOPUCTO-

BYIOUM KpUTEPii:

— MaKCUMyMY MiHiMaJIbHOI MidKOCJigHOI BigcTaHi

M
dmin=n},ilen[z;xlj®xkj]—>max; LEc1,N; l#Ek, (1)
=

0 x.=x,;
n, l k

me x; ®x,, ={—2 1
! Tl x££

npu “vlj kj

— MaKCHUMYMY €BKJIIZTOBOI BigcTami

Pmin

R 2%
znzl,}en[;(xlj_xkj) 1’2 > max (2)

Taxum umHOM, KpUTepiil d ;, y BuUpasi (1) zabes-
meuye MaKCUMYM eHTPOIIiHOI OIiHKY, AKa Po3paxo-
BYETHCA 32 BUKPECTIOBAHHSA Oy Ab-IKOTO CTOBIIISA, X
napu, TPifiKY i T.J B MATPUIlL €eKCIIEPUMEHTY .

Kpurepiit p_,, y Bupasi (2) makcumiszye o6xBaT
00JIaCTi eKCIIePUMEHTY, 10 TAKOMK € YMOBOIO ITiIBU-
meHHdA oro iH)opMaTUBHOCTI i cnpude MmiHiMizamil
AUCIIepCiit OIiHOK Koe(dimieHTiB Moaesi He3a e KHO
Bif 11 CTPYKTYPH.

ITorpi6HO BigmiTuTH, 1110 €()eKTUBHUM € BUKOPHU-
craHHA KpuTepiiB B mocaigosuocTi (1)—(2) [8].

ITepemymoBaMu 00yMOBIIIOIOTHCS HACTYIHI BUMOTHT
10 METOAY CMHTe3Y iH(hopMaTUBHUX ILJIAHIB:

— BapiloBaHHA KOXKHOTO (paKTOPY IPOBOAUTLCA He
MeHIII, Hi’K Ha YOTUPbOX AUCKPETHUX PiBHAX;

— MaKCUMAaJbHO piBHOMipHE (IIpocTOpoBe Ta mohaKTop-
HO€) TIOKPUTTA 006J1aCTi eKCIIePUMEHTY 3a (DiKCOBaHOTO
yucJa SOCIigiB;

— MOKJIMBiCTH BpaXyBaHHA cuenu(GivuHUX 00MeKeHb,
AKi BUCYBa€ eKCIIepUMEeHTATOpP.

O6JiK TepIIuX JBOX BUMOT J0O3BOJISAE OTPUMATHU
«MaKcuUMyM iH(popMaIlii» cTOCOBHO PiBHUX CTaHiB
00’eKTa, He 3aIy4alouu JOJATKOBUX IIPUNYIIEHDb IPO
CTPYKTYPY MOJEJIi Ta PO CTYHiHb 3HAYUMOCTi TOT0 ab0
igmoro gaxTopa.

Tum camMuM CTBOPIOIOTHCA COPUATIANBI YMOBH 1A
pO3B’A3KY HACTYITHUX 3aJa4:

— «pOBBimyBaJbHUI» aHATII3 MaJIOBUBUEHOTO 00’ €KTA;

— CTPYKTYypHO-TIapaMeTpuuHa imeHTudikaiia od’ekra
3a eKCIePUMEHTAJTbHUM JaHUMU;

Pasom 3 Tum, B OCHOBY 3a71a4i CTPYKTYPHOI ieH-
Tudikarii (IOIMIyK CTPYKTYpPU Moe i Ta i1 Koedirri-
€HTiB) IOKJIaIeHO IPUHITUI «YOPHOTO AITUKA» , KOJIU
OPUYNHHO-HACHIAKOBI 3B’ A3KMU MisK BXigHUMU QaK-
TOpaMM Ta BUXITHUMU ITapaMeTpaMy BBaKaIOThC He-
Bigzomumu [10]. TakosKx BBasKaeThCd, IO iCHYE eBHA
byHKITiA, AKa aJeKBaTHO Bigobpaskae peakirito o6’eKra
(#ioro mOBeNiHKY) Ha BXifHi curHamm.

ITicsa peasizatiii ekcriepuMeHTAIBHUX AOCITiIKEHD,
3a7jauero CTPYKTYpPHOI izeHTU(diKaIii € mobygoBa onTum-
MaJIbHOI, B IEAKOMY PO3YMiHHi, MOZeJIi, 1110 Bpax0OBY€E
Bci BXigHi i Buxigni curnanu [10]. Pasom 3 Tum, gomyc-

58

KaeThcd, 1110 3HAYEHHS BXiTHUX 3MiHHUX ((paKTOPiB)
€ IeTepMiHOBAaHUMU, a BUXiIHI XapaKTepPUCTUKU —
BUIIQJKOBi BeJINUMHU B PE3yJIbTATi BIJIUBY «IITyMiB»
(BUIIaZKOBUX MOXMOOK BUMipIOBaHb, HEBPAXOBAHUX
TIePEeIKOo, II0 He MigTaloThesa KOHTPOJIIO i T.11.).

B 3B’s3KYy 3 IUM, pPe3yJIbTaTOM CTPYKTYPHOI igeH-
Tudikaii € ominKM:

7, :M[Y%}:f’s(x,a), s=LL+R, (3)

me M[] — ominka MaTeMaTHYHOro OWiKyBaHHA S-0i
XapaKTepUCTUKM 00’ €KTa 3a 3aaHOTO X.

Y, — BuMipsiHe 3HaUEHHA XaDaKTEPUCTUKH, SKe
CKJIa[Ia€ThCH 13 CyMU PeryJIAPHOTO CUTHAIY Y, i BUmaz-
KOBOI moxmbKm &:Y, =y, +&;

F[-] — onuinka icTurHOI XapakTepucTUKY;

L + R — Bu3HAauUae B IPOCTOPi BXiJHUX 3MIHHUX
00JIaCTh HOMIYCTUMUX PillleHb 3 ypaxXyBaHHAM (QYHK-
IIiOHAJTBHUX 1 KpUTEpPiaIbHUX 00ME)KEHD.

ITix uac izenTUdiKaIii ckaagHUX 6araToGaxkTOPHUX
cucTeM HafOiIbI eDeKTUBHUM € METO]T caMOoopraHisarii
MaTeMaTUYHUX MOJeJIe, a caMe MeTO] TPYIIOBOTO ypaxy-
Bauusa aprymeHTiB (MI'YA) [8], axuii 6a3yeThcA Ha TOMY,
1110 OIIEePYIOUM TiTBKY HA0O0OPOM eKCIIepUMEHTATbHUX
ITaHnX, AK1 BUKOPUCTaHI AJId BUSHAYEHHA OI[iHOK Koe-
(dimienTiB 3a meTogoM HatimeHIux KBagapartis (MHE),
HEMOJKJIUBO BifHANTH HATKPAITy, EIUHY MOIEJb.

I 11b0oro moTPi6HO CKOpUCTATUCA AeAKUM 30-
BHIIITHIM KpUTEpieM, AKUM, HAIPUKJIAL, MOXKe OyTu
moxubKa, 110 BUPaX0BYEThCA Ha HOBiH cepii ekcnepu-
MeHTAJIbHUX AaHuX. MiHiMyM MOXMOKHM HA X TOUKAX
MOJKe CJIYTyBaTH BUBHAYAJIBHUM MOMEHTOM TOTO, IIT0
OTpUMaHa MOJIEJIb € MOJIeJIb OIITUMAJIbHOI CKJIAJHOCTI.

IIponec BupinienHsa 3agaui CTPYKTYPHOI iTeHTI-
(dirarmii MOKIMBO HAJATU Y BUTJIAAL CUCTEMU B3aEMO-
moB’ A3aHUX JaHIoris [8,10]:

1) mocranoBKa 3azmaui i aHami3 anpiopHoi iHMOpMaIii;
2) mpoBeJeHHS eKCIEPUMEHTY B PEXKUMi HOPMAJIBLHOTO
dyuKIionyBaHHs 06’eKTa abo y BimmoBimHoCTi 3 me-

SIKUM TIJIAHOM 13 MHOMKUHU IJIAHIB ) ={X],Xg,...};
3) amaiis i momepeaHs 06poOKa pe3yIbTaTiB eKCIIepu-

MEHTY;

4) Bubip MHOKWHU MOYKJIUBUX apTyMEHTiB (OIIOPHUX
byHKIi);

5) pos3pobka abo Bubip reHepaTopa CKJIATHOCTI MOMEJTi;

6) Bubip crrocoby PO3OUBKY TAOIUIT EKCIIEPUMEHTATBHUX
maHmx Ha HaBuaiouy (A), mepeBipouny (B) Ta exsa-
menartiitay (C) Bubipku i3 Mmuoskunau R ={r,r,,...};

7) camooprauisaiisa Mmozesi, sKa 3aJ0BOJbHAE KPUTE-
pisim onTuManbHOCTI @ ={q;,qq,-.-};

8) amaJria Ta TOBU3HAUEHHSA MOJIEJIi;

9) mpakTUYHE BUKOPUCTAHHS MOJEJI.

HagBenmena cxema € gocTaTHBO 3arajibHOIO i MOXKe
0yTu BUKOPUCTAHA AJIA CTPYKTYPHOI ineHTHdikaIii
00’eKTiB Oyab-AKol mpupoau. Ha mpaxkTuili x sagauy
IOBOIUTHCS UJIE€HYBATHU.

Ilep1 3a Bce hikCcyeThCA KiIac MOXKJINBUX MOJeseit
F (muckperHi moninomu, nudepeHiagdbHi piBHAHHA
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Ta iH.). 3 BpaxyBaHHAM IILOTO (DOPMYETHCI MATPUILA
X, aka 3a0e3meuye MOKJINBICTL 00’ €KTUBHOI'O IIOPiB-
Hanua mogeneit F € F 3a Kpurepiamu @ 3a gekiTbkoma
BapiarTamMu po3douBKu Ha A, B, C mocainoBrOocTi [10].

IIpakTHyHO, AK IPaABUJIO, HE BAAETHCA JOCTATHHO
TOBHICTIO BUpPiIINTHU 3a71avi, AKi IMocTaBJIeHI mepes
KOHKPETHUMH JIAHIIOTaMU 3a/1a4i CTPYKTYPHOI ieHT!-
(dikartii. ITe mpu3BOAUTH 0 TOTO, I1T0 HA BUXO/i eTamy 7
Ma€eMO He OIHY, a JeKiJTbKa 0JHAaKOBUX (PiBHOIIIHHUX )
MojeJieit, 1110 moTpedye BBeIeHHA eTany JOBU3HAUEHHA
onTuMaJIbHOI Mozesi. HeobxigHiCTE eTamy JOBU3HAUCH-
HA BUTIKAaE I1€e i3 TOTr0, 110 3a7aUa CTPYKTYPHOI iTeH-
tu@dikarmii € 6araToKkpuUTEPiaTbHOIO i, TAKMM YMHOM, HE
MOJKe MaTH OJHO3HAYHOT'0, TEOPETUUHO 00T PYHTOBAHOTO
MeTONy MPAKTUUYHOTO BUPIIIIeHHS Oy Ib-sIKO01 3amadi.

Tomy moBU3HAUYEHHS € He IO iHITe, AK BUOip Ha-
OisBII palioHaTBHOTO pimnteHHA (MomeIi) Ha 6asi rogarT-
KOBUX 30BHIITHIX KpuTepiiB ab0 eKCIIepruMeHTaIbHOL
OI[iIHKU MOJeJIei.

Taxum ymHOM, METOJ I'PYIIOBOTO BpaxyBaHHA ap-
TYMeHTiB 6a3yeThCca Ha AeAKUX MIPUHIIUTIAX Teopii
HaBYaHHA Ta caMOOpraHisaiii, a caMe: Ha IPUHITUIIAX
«CeJIeKIIii», abo cIIpsIMOBAHOTO BiZOODYy.

B mismomy meton Bupinrye 3agauy mryMOCTiKOTO
006’eKTUBHOTO BOOPY MOJEJIi ONTUMAJbHOI CKJIam-
HOCTi 3a TOTIOMOTOI0 ITepebopy BapiaHTiB Mo 3aJaHOMY
amcambO.It0 (abo iepapxii) soBHimHIX KpuTepiis [10].

BucHoBku. ¥ pesyabpTari 3aIpOIIOHOBAHO METO0-
Joriio, AKa, 6a3younuch Ha 3aCTOCYBaHHI CydYacHUX
KOMII IOTePHUX TeXHOJIOTiH, Ma€e BCi IIaHcyu Ha BUKOPU-
CTaHHA 3 METOIO BUPIIIeHHA IHHOBAIliMHUX ITPOTIO3UITiH,
IIT0 CTOCYIOTHCA MONANBIITUX HOCJiIKEeHb 3 PO3POOKU
CIIeI[iaIbHOTO KOMIIJIEKCHOTO CKJIaAy KOMIOHEHTIiB
ILJIsI IPOCOYYBAHHSA Ta 3aCTOCYBAHHS ITHOT0 KOMILIEK-
Cy B IIpolieci po3poOKM Ta CTBOPEHHSA cepii cyuacHux
€KOJIOTiUuHO 0e3IeYHNX KOMIIO3UIITHNX MaTepiajis
Ha OCHOBI IIeJIFOJIOBHUX MaTepialiB, a came: mmamnepy
Ta KAPTOHY.
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METO/U AHAJI3Y TA CETMEHTALII LLU®POBUX 306PAXKEHb.
AJITOPUTM HAPOLLYBAHH{ KPAIO OB’EKTY

METO/bl AHAJIN3A U CETMEHTALIUU LU®POBbIX N30BbPAYXXEHUN.
AJTOPUTM HAPALLUBAHUA KPAY1 ObbEKTA

ANALYSIS AND SEGMENTATION METHODS OF DIGITAL IMAGES.
BORDER OBJECT EXTENSION ALGORITHM

AHoTauis. [Ipy BUpOOHMUTBI T BUKOPUCTAHHI CUMYYnX MATepianiB BUHMKAE HEOOXiGHICTb KOHTPOIIOBATH iX 2paHy/IoMe-
TPUYHMIA ckaag. PO3Mip YacTUHOK CUMy4020 MaTepiany BU3HAYA€E BAXIMBI TeXHOM02i4HI XAPAKTEPUCTUKM i BIIMBAE HA edek-
TUBHICTb /1020 3aCTOCYBAHHS. KNACMYHUMM METOGAaMM BU3HAYEHHS 2DAHYIOMETPUYHO20 CKIagy a210MepaTy € 1abopaTopHuii
(cnTOBMIT) AHANI3 | NPOCIBAHHSA. [10PAG 3 HUMM HA GesIKMX NIGNPUEMCTBAX BUKOPUCTOBYIOTb METOgH, 3aCHOBAHI HA BUMIpI eHep-
2ii nepBMHHO20 gpobaIeHHs MaTepiany, MexaHiuHi 2paHyoMeTpilo, a TaKOX 3HAWLL/IM 3ACTOCYBAHHS ONTUYHI METOGU | peaniso-
BAHi Ha iX OCHOBI c1CTeMu 3 BUKOPUCTAHHAM poboBigOipHUKIB.

ABTOMATM3ALIAA KOHTPOJIO 2PAHYIOMETPUYHO20 CKAAGY CUMYYMX MATepianis 3 BUKOPUCTAHHAM ONTUKO-e/IeKTPOHHO20 Me-
Togy 6e3nocepegHbo B TeXHOM02IYHOMY MOTOL GO3BOINTH CBOEYACHO KNACUPIKYBATM MATEpPIan MO KAAcax KPynHOCTI i OUiHUTK
11020 MILHICTb, LU0 3a1exuTb Big 6a2aTboX GAKTOPIB.

OcTaHHi po3pobku B 061acTi Lnudposoi 06pobku 306paxeHb 3abe3neyyoTb MOXIMBICTb OTPUMATKI KpaLLe ysBNeHHS PO
2PAHYIOMETPUYHMI PO3IOGIN YACTOK, KNIl BAXKKO OTPUMATH 30 OMOMO20K0 MEXAHIYHO20 CUTOBO20 AHANI3Y. PO3pobaseTbCs
MeT0g 3aCHOBAHMI HA 120PUTMi 3pOCTaKYOi 001ACTi 3 TOCUAEHHAM ii Kpalo i Ha po3LUMPeHHi 306paxkeHHs ik crnocobiB nepeg-
i nocT-06pobKK1. MeToto gaHo20 JOCTIgXKEHHS € PO3POOKA METOgUKM aHani3y 306paxeHb g HAGaHHs iHpopmauii npo noBHMiA
CreKTp po3MipiB 4aCTUHOK A210MepaLifiHOl LMXTY NOYMHAKYM 3 gPIOHMX, | 3AKIHYYIOYM BEMKUMM PO3MIPAMM.

KniouoBi cnoBa: cunyyi matepianu, BU3Ha4eHHs po3MIpy, un@poBi 300paKEHHSI.

AHHOTaums. [1py MPpouU3BOGCTBE M UCMONb30BAHUM ChiMy4nX MATEPUAIOB BO3HMKAET HEOOXOgMMOCTb KOHTPOIMPOBATL MUX
2paHynoMeTpuyeckmii cocTas. Pasmep YacTuL, Cbiy4e20 Matepuanda onpegensieT BaxHble TeXHOI02UYecKe XapakTepucT1km
U B/IMSIET Ha 3PPEeKTUBHOCTb €20 MpUMeHeHNs. Kaccuyeckumm MeTogamu onpegesieHuns 2paHy1I0MeTpryecko20 cocTasad az/o-
mepara siB/isieTcs 1abopaTopHbIi (CMTOBOW) aHANM3 M NpocenBaHus. Hapsigy ¢ HUIMM Ha HEKOTOPbIX NPegrpUATUSIX UCMOb-
3YI0T METOgbl, OCHOBAHHbIE HA U3MepeHNN 3Hepaum NepBuYHo20 gpob/ieHns MaTepuand, MexaHuyeckme 2paHyaoMeTpuio, a
TAKKe HALL/IM MPUMeHeHe ONT4eckue MeTogbl M Peasin30BaHbl Ha MX OCHOBE CUCTeMbI C MCMO/b30BAHMEM MPOOOOTOOPHMKOB.

ABTOMATM3ALMS KOHTPOJIS 2PAHYIOMETPUYECKO20 COCTABA CbiMy4MX MATEPUA/IOB C UCMO/Ib30BAHNEM ONTUKO-31€KTPOHHO20
MeToga HernocpegcTBeHHO B TeXHO02MYECKOM MOTOKE MO3BONNT CBOEBPEMEHHO K1accUduumMpoBaTb MATepuan o kaaccam
KPYMHOCTM 1 OLieHUTb e20 MPOYHOCTb, YTO 3aBUCUT OT MHO2MX (PAKTOPOB.

lMocnegHue paspaboTku B 061acTh LndpoBoli 06paboTku n306paxeHnii 0becneynBaroT BOSMOXHOCTb MONYYNTb Ny4llee
npegcTas/ieHne 0 2paHy/IOMeTpUIEeCKmii pacrpegesieHie YacTuL, KOTOpbIit TPYGHO MOAY4UTb C MOMOLLbIO MEXAHUYECKO20 CH-
TOBO20 AHaM3a. Pa3pabatbiBAeTCs MeTOg OCHOBAH HA A/120pUTMe pacTyLueii 061acTu ¢ ycuneHnem ee Kpas U B paclumpeHinmn
1306paxkeHme Kak crnocoboB rnpeg- 1 nocT-0bpaboTku. Lieabio gaHH020 MCCAegoBaHMs sIBAsieTcs pa3paboTka METOgMKM AHaN-
30 M300paxkeHwit g1s IpegocTasBaeHnss MHHOPMALMM O MOTHOM CrieKTpe pa3MepoB YACTUL, A27I0MepaLMOHHON LMXTbI HAYNHAS
C Me/IKMX M 3aKAaHYMBAs KPYMHbIMU PA3MEPaMM.

KnioueBble c10Ba: Coiryyne MaTepuabl, onpegesneHue pasmepd, LMPposbie n306paxeHus.
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Summary. In the production and use of bulk materials, it becomes necessary to control their particle size distribution. The
particle size of the bulk material determines important technological characteristics and affects the effectiveness of its applica-
tion. Classical methods for determining the particle size distribution of agglomerate are laboratory (sieve) analysis and sieving.
Along with them, some enterprises use methods based on measuring the energy of primary crushing of the material, mechanical
granulometry, and they have also found application of optical methods and implemented systems based on them using samplers.

Automation of control of the granulometric composition of bulk materials using the optoelectronic method directly in the pro-
cess stream will allow you to timely classify the material by size classes and evaluate its strength, which depends on many factors.

Recent developments in the field of digital image processing provide the opportunity to get a better idea of the particle size
distribution of particles, which is difficult to obtain using mechanical sieve analysis. A method is being developed based on the
algorithm of a growing region with strengthening of its edge and in expanding the image as methods of pre- and post-processing.
The aim of this study is to develop an image analysis technique to provide information on the full range of particle sizes of an

agglomeration charge, starting from small to large sizes.
Key words: bulk materials, sizing, digital images.

Hoc'ranomca npob6iaemu. OTpuMaHHA KiTbKicHOL
OIIiHKY I'PAHYJIOMETPUYHOTO PO3TOAIITY JJIA CUITY-
YuX MaTepiajiB 3a JOIIOMOTOI0 TPAAUIiITHOTO METOAY
CHUTOBOTO aHAJIi3Y AYsKe CKJIaTHO, OBTO Ta JOPOTO.

Amnami3 ocTaHHIX gocaimkens i myomikaii. {ocoi-
IKeHHA CKJIQAAaIoTh IIpali Takux (paxiBIliB y ramaysi
MeTasyprii Ta KoM’ I0TepHOro 30py, AK Carson, C.
[10], Clark, G. [11], Franklin J. A. [12], Kemeny, J.
M. [13], Wang, W. [14].

®dopmyBaHHA LiJIed CTATTIi (IIOCTAaHOBKA 3aBIaHHS).
MeTo0 TaHOTO MOCTiIKEeHHI € PO3POOKa METOIUKY aHa-
JIi3y 300paskeHb AJId HaaHHA iH(GopMaIrii Ipo HTOBHUH
CIIEKTP PO3MipiB YACTMHOK arJioMepaIliiHol IMUXTU IO~
Hau" 3 IPiOHUX, i BaKIHUYIOUM BEIMKUMU PO3MipaMu.

Bukaaa ocHOBHOTO MaTepiary
Hupposi s06pasxrcenns

300pakeHHA B IeKiJIbKOX KOJIbOpPaX IIPEACTABIIA-
IOTBCS AK I'PYIIN OZHOKOJIipHUX 300paskensb. I{ludposi
dororpadii, 3pobJieHi AIa TPOEKTY, IPEACTABIAIOTHC
B KouipHOMy popmati RGB, axkuii ckiaagaeTscd 3 Ma-
tpuii Red, marpuri Green i marpuii Blue. Tpu ma-
TPUII] MOETHYIOTHCA JJIsI CTBOPEHHSA PiBHUX KOJIBOPiB.
doTorpagii arsmomepariiinoi MUXTH BiAX0aiB, 6e3y-
MOBHO, MOHOTOHHi. Bci Tpu MmaTpuili MmaroTh OfHAKOBE
PO3IIOIiI KOJIbOPY IMiKCeIiB i 3a0e31meuyioTh aHAJOTIUHY
ingopmarriio, i oguiei maTpurIli focuTh, M06 YABUTHU
BJIACTUBOCTI Ha 300parkeHHi. KoikHe 0MHOKOJIHLOPOBE
nudpoBe 300paskeHHA MPeACTaBIeHe Y BUTJIALL MaTPUITL
sickpaBocTi. KokeH mikcesb Ha 300parKeHHi Mae yHi-
KaJIbHY azapecy (X, y) B MaTpuIli, i iloMy IprcBOIOETHCA
3HAYEHH, BiAIOBigHE AICKpaBOCTi miKcesnda. B cucremi
Matlab sickpasicTs mikcess soopaskernss N x N mpez-
cTaBJieHA B MaTPUYHOI (hopMi AK:

£(1,1) £(1,2) £(1,3) £(1, n-1)
£(2,1) £(2,2) £(2,3)
£(3,1) £(3,2) £(3,3)

f(n—1,1) f(n—1, n—1)

Ozns0 memodis

Ha mouaTkoBiii cTazii mpoitec 06po6KM 300paskeHb
IiauThcA HA 3 eTamun:

1. ®opmyBanHa 306paskeHHa. ETan popmyBaHHsA
300paskeHHA BKJIOUAE B ce0e 3aBaHTAKEeHHA 300pasKeH-
Hs B Iporpamy i ioro momepenHio o0pooKy. BBemenusa
300pasKeHb ITapy CUIIyUOTO MaTepiany 34iiCHIOEThCA
3a JOTIOMOTO0I0 onTUYHOI Kamepu. IIpu poboTi cuctemu
dopMyeThes GesnepepBHa MOCTiJOBHICTE 300pakeHb
3 yactoroio 60 Kaapis/c. IIpu mboMy OIITUYHA BiCh
KamepH, aKa (popMmye 300pakeHHs, PO3TAIIIOBYETHCA
MePIeHANKYJIAPHO CMY3i KOHBeepa 3 MaTepiaioMm.

2. ITigroroBunii eram. Ha ribomy erami Big0yBaeThbCs
TIePeTBOPEHH 300pakeHH A 0 BUAY, 3PYUHOTO JIJIs 10~
IaJIBIIIOTO aHAJI3Y, i IiITOTOBKA MOT0 IO IILOTO aHAaJIi3y.

3. ITapamerpuunwuii ananis. Ha erani mapamerpuu-
HOT'O aHaJIi3y 00UMCII0ITHCSI OCHOBHI TeXHOJOTIUHL
XapaKTepUCTUKU MaTepiamy.

OmgHUM 3 OCHOBHUX €JIEMEHTIB 00POOKY 300pasKeHHsI
HA ITiITOTOBYOMY €Talli € IIPOIEC BUIJIEHHA CKJIAJOBUX
oro obJiacTeii (cerMeHTAalliA), TaK AK HA IbOMY eTalri
00’ €K TH BUIIIAIOTHCA /1A TOAAIBIIIOT0 PO3ITi3HABAHHS
ianamigy[1]. CermeHTAalida € CITOIYYHOIO JAHKOO MijK IO~
TepeIHL0I0 00POOKO0I0 300pakeH s i fioro amamizom [2].

g mobyoBM KPUBOI rpaHyJIOMETPUYHOTO PO3-
MoAiJy Ha ImifcTaBi 306paskeHb JOCTiI»KyBaHOTO Ma-
Tepiaay, 300pakeHHA CIIOYATKY AiJINUTHCA Ha 00JacTi
3 JIOTIOMOTOIO IIPOIleCy, 3BAHOTO CETMEHTAIII€0, 1 KOXKHA
3 MuX obJacTeil MiCTUTh YaCTUHKY MaTepiany. IcHye
TPU OCHOBHI KaTeropii meroxnis cermenTarrii [3]: xaac-
Tepuaallid, BUABJIEHHA Kpalo i BUJIyuYeHHA 00JacTi.
Knacrepusarnia asiasae co6oro 6araToBuMipHUIT Bapi-
AaHT BUSHAQYEHHA IIOPOTrOBOI'0 SHAYEHHA, ie IIPOCTUM
1 IMITPOKO BUKOPUCTOBYBAHUM METOLOM. ¥ MeTOA1 BU-
3HAUYEHHS ITOPOTOBOTO 3HAUEHH A, BUOMPAIOTHCA BEPXHi
i HMKHI MedKi 3HaUeHb 03HAK, HATPUKJIAM, BUOMPAETHCA
SACKpaBicTh i mpoBOgUTHCA Bifdip miKcesriB 3 ACKpaBicTIO
B MeXKax JaHoTo AianaloHy. [Jigd BUKOHAHHA CeTMeH-
TaIil 3a MeTOZOM KJiacTepusallii BUKOPUCTOBYETHCA
nIBa abo 6isbIme BiactTuBocTeii [4]. IlepeBaroio meTony
BUABJEHHS KpPaio € Te, 10 KOPAOHU MiK 00’ eKTaMu
Ha 300pakeHHI MalOTh 0i/IbIN PisKi 3MiHM ACKpaBOCTi.
Hampuksan, Ha 300pakeHH] KaMeHiB, miKcesi Ha IXHiX
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KOpJIoHAaX TeMHillle, HixK IiKcesi BHyTpinIEboi o01acTi
Kameno. IcHye 0e3J1iu MeTOAiB B JaHill KaTeropii: B ToMmy
yucyi i MmeToau Bomo36ipHoi TpaHchopmariii, i merto-
1, 3aCHOBAHIi Ha PiBHAHHI YaCcTKOBOI nu(epeHmiamii,
HaAOPUKJIAaA, METOJ YCTAHOBKY YPOBHSA i METOM «3Mil»
[5]. Imea meTomy BuAieHHS 00JaCTi moIATaE B MOMiIL
300paskeHHs Ha 00J1acTi 3 MOAiOHNME BJIACTUBOCTAMU
[6]. Ile moske OyTU ZOCATHYTO 3a JOIIOMOTOIO:

1) HapoIyBaHHS 00JIACTI: TOYNMHAIOUYN 3 HEBEJIUKUX

OIIAHOK i IX 3JIMTTA 3 aHAJOTIYHNMY 00JIACTAMU
2) poamenygeHHa 00JaCTi: TOYMHAIOUY 3 BeIUKUX [i-

JISHOK, a IOTiM PO3MiJIAIOUN 1X
3) abo komMOiHyBaHHAM ABOX MeTOXAIB [7].

CermeHTarris 3a JOIIOMOT0I0 METOY HapOIITyBaHHS
obsacTi

s 6inbI110i MpOCTOTH, B AaHi#i po6OTi BUKOPUCTO-
BYETBHCS METOJ CeIMeHTaIlil 3a JOIIOMOT0I0 HapOIITyBaH-
HaA obsacTi (kpato 06’eKTy). OCHOBHUM TiIX0mOM IO
MeTOAY HapOoIIlyBaHHS 00J1acTi € BuOip JOBiJIbHUX ab0
TIeBHUX KOPUCTyBaueM objacTei Bimoopy mIpobd B SKOCTL
BUXiZHUX JaHUX. Y JaHUX 00/IaCTAX BiI3HAUAIOTHCA
00’exTHU, AKi migmaraooTb cermenTarii. I1i o6macTi
POCTYTH 3a TOIIOMOT'OIO iTepalliii, KOJIx JOAal0ThCI BCe
HOBI i HOBIi cycigHi miKcei 3 mOAiOHMMY BJIACTUBOCTSI-
MH, 1 11e Bif0yBaeThCsd, IIOKHU He 3aKiHuaThCA IIiKcei,
AKiI MOXKYTh OyTH BKJIIOUEHI B faHy 00JI1aCTh, 400 IIOKU
He Oyae JOCATHYTO MaKCHMAaJbHOI'O eTall iTeparrii.
fckpaBicTh € HAMGiABIIT YaCTO BUKOPHUCTOBYBAHUX
BJIACTUBICTIO, i BOHA TaKOYK 3aCTOCOBYETHCA B JAHOMY
IOCJIimsKeHHi.

IcHy!OTH ABi OCHOBHI mpobJieMu TTPpU cerMeHTaIil
300pakeHb arJIoMepaIliiHol IMUXTU 3a JOIIOMOTO0
MeTOy HapoIllyBaHHsa o0acTi. ITo-mepriie, Ha BigMiHy
Bix 1abopaTopii, ge AsKepesio cBiTJia 3HaXOAUTHCS i
KOHTPOJIEM, TIWJI i HEJJOCTATHE OCBiTJIEHHS ITPU3BOAATH
J0 SBHAUHHNX 3aTEeMHEHHAM i Tak 3BaHOIO IITyMOBOTO
edekTy «couri i mepio» Ha pororpadiax. Ilo-apyre,
MeJKi 4acTO BUXOAATH POSMUTHIMU, IO IIPU3BOIUTE IO
«BHUTOKY» a00 IIpo0ieMHr PO3POCTAaHHS 300pasKeHHA.

s BupimeHHa 3a3HaueHUX ITP00JIeM BUKOPUCTO-
BYIOTBHCS METOIH IOIePeSHbOI Ta IOAaIbIII0I 00POOKMT
300pasKkeHb. 3aMiCcTh TOTO 1100 BUKOPUCTOBYBATU TOU-
KOBi 3BHAUEeHHA, B AKOCTi BUXiTHUX JaHUX B IIPOrpamy
3aKJIANAI0ThCS AOCTiAKyBaHi o6aacTi A TOro, 1100
yCEepEeIHUTH MIYMOBUHN e(heKT «coJi i mepitro» Ha (o-
Torpadisax mpu miApaxyHKY cepeqHbBOTO 3HAYEHHA 110
nmaHiii obsacti. Kpim Toro, o6sacTi po3minpiooThCa
MicJIA BUKOHAHHS 1X HAPOIITYBAHHS 3 METO0 3aII0BHEHHST
«TipOK», BUKJINKAHNX HEUiTKOI KaM’ SHOI II0BEePXHEIO,
i ;o BUXigHOTO YOpHO-0iI0MY 300pakeHHIO JOSAETHCS
macka Sobel gist 36iabIienHA Kam’ sHUX Kpais [8].

PosmupenHs 306pakeHHs € MOP(OJIOTIUHUM TIPUIO-
MOM, SKUH PO3MINPIoe Meski obracTi. «Ilipku» B obacTi
MOXKYTb OyTHU 3amOBHEHi a60 3MeHIIeHi B podmipax. [[isa
BUKOHAHHS PO3IITUPEHHS 300paKeHHs TOTPiOHO ABa BU-
XiTHUX 3HAUEHHS: I[iIJIb0BE 300PAKeHHA i CTPYKTYPHUHA
enemeHT [9]. CTpYKTypHU eIleMeHT BU3HAYAE CTYIIiHD
posiupenHs. [Ipukiaan nokasauuit Ha (pucyHKy 1).
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Puc. 1. O6snacTs posmupioetbesa Ha 1 mikcens. Cipi mikceni
Ha IPaBOMY MAJIIOHKY ITOKA3YIOTh BUXiAHY HEPO3IINPEHA
06J1aCTh AJI OPIBHAHHSA

ITouaTKoBe 300parkeHHs ABJISAE CODOIO IBiITKOBE 300pa-
JKeHHd, B AKoMY oamHuIld (1) mpemcTaBieHa SK 01auit Ko-
Jip, a Hysb (0) — ak yopHuii. I[Tpu onepaitrii posiupeHus
31 CTPYKTYPHUM eJIEMEeHTOM 3X3, I/ KOXKHOTO YOPHOTO
MHiKCeJIs IePeBipPAIOTHCS BCi BiciM CycimHiX miKceiB, i AKIIo
BUSBJIEHO X0ua 0 oguH OiInii miKcesab, TO BiAIOBiHMII
YOPHUII HMiKCeJIb 3MiHIOEThCS Ha Oianmii. HoBoyTBOpeHa 6ia
MesKa 00J1acTi 301TIBITyeThCA 400 «PO3IITHUPIOETHC» . [110
111e OLIBII BAsKJIMBO, IIUISIXOM POSIINPEHHS 3all0BHIOIOTHCS
HeBeJUKi «IipKu» B ob6sacti (MasroHoK 2), 1110 poOuTh 11eit
MEeTO/, KOPHCHOIO IIPOIIeAYPOIO0 MOAAIBIITI0I 06POOKY 306pa-
JKeHH JIJIS 3aTIOBHEHHS « JiPOK» , TKi 3aJIMIITMJINCS ITiCJIs
HapoIyBaHHs 06s1acti. Omepailis posIiTpeHHsa BUKJINKAE
HEeBeJIMKe IIITyYHe YKPYITHEHHS PO3MiPY YacTOK, aJie BUHM-
Kae TToXMOKa BiTHOCHO HEBEJINKA B TTIOPiBHAHHI 3 pO3MipoM
300pasKeHHs, IKe JOPiBHIOE JeCaTKAaM TUCIY IIiKCeIiB.

Puc. 2. Posmiupenusa 300paskeHHs 3alI0BHIOE «TipKU»
Ha 300pakeHHi

Sobel macka € 2D-(piabTpom, AKUMA MOKPAIIYE MeKi
00’eKTa Ha 300pakeHHi IIIIAX0M 00UCIeHHA IOXiaH01
3o00paskenus. Sobel macka 3x3 HacTymHa:

-1 0 1
-2 0 2
-1 0 1

1 2 1
0 0 0
-1 -2 -1




// International scientific journal «Internauka» // N2 3(83), vol. 1, 2020

// Technical sciences //

IJIA TIOJIIIIEeHHS BEePTUKAJIBbHOTO Kpar. DigbTp 3a-
CTOCOBYETHCS [0 300pPa’KeHHS 3a [JOIIOMOTOI IOT0
TmepeMiIleHHA I0 300paKeHHIO0 i 3a TOTIOMOT0I0 06U mMC-
JIeHHSA To0yTKY (inbTpa i 3o0paskenusa. Y pasi Sobel
MacKHu, TBip € OXigHOIO Biff 300paskeHHA, SKa MiJAcu-
JIFO€ PiBKi 3MiHU.

Me:xi moponu, AK IpaBMJIO, TEMHIille, HiXK 11 BHY-
TpilTHA yacTuHAa. Pi3HUIA B ACKPaBOCTi TOCUIIOETh-
cs MacKoio Sobel a, oTyke, TOIIMITIYIOTHCA i KOPAOHM.
OcTaTouHU aJIrOPUTM BUTJISALAE TAK:

1) 3aBauTakeHHA 300paKeHHS i TePEeTBOPEHHS HOTO

B 300paskeHHs 3 OJHOIIIaPOBOI SCKPaBicTIO;

2) Tlomepenusa o6poOKa: MOiMIIIeHHS KpaiB;
3) HaporryBauusa obJacTi;

4) Tlomanbiia 06poOKa: PO3ITUPEHHST;

5) IToOynmoBa rpaHyJIOMETPUYHUI KPUBOI.

BucHOBKH 3 JaHOTO JOCHIIKEeHH i MepCIeKTUBHT
MOJAJBIINX PO3BUTOK Y JTAHOMY HAIIPAMIi. 3 OTJIALY

Ha 0cobJIMBOCTI 300paskeHb HACUITHOTO I1apy, 3aificHe-
HO BUOip ONITUMAIBHOI OIITUYHOI CXEeMHU JJIsI OITUKO-
€JIEKTPOHHOT'0 METOAY KOHTPOJIIO I'PAHYJIOMETPUIHOTO
CKJIQIy CUIIYYMX MaTepiaJIis.

IIpoBemeno aHajis MeTomiB 0OPOOKY 300pakeHb,
i B 8B aA8KY 3i crernu@ikoro 306pakeHb HACUITHOTO II1apy,
PO3po0IeHN METO T JOKAJILHOTO JUHAMIYHOTO TTOPOTO-
BOTO MOy 3 aalITUBHOIO HAJAMITYBAHHAM PO3Mipy
JIOKAJIbHOI 00JIaCTi TOTOYHOTO 300paKeHH AJIA MOt~
IIeHHA IKOCTi cerMeHTaIrii.

Meton ntudpoBoro anamisy 306paskeHb 6yB po3po-
OJIeHUI AJIA aHATIiI3Y BeJINKOMACIITaAOHOTO IPaHyJIO-
MEeTPUYHOTO po3mnoainy. JlaHui MeTox f03BOJISAE qaTU
KiJTbKiCHY OI[iHKY I'PaHYJIOMETPUUYHUM PO3IIOijIaM
JIJIA arJioMepariifHol IMUXTH, YOT0 JOCATTHU 3a JOI0-
MOTO0 TPAAUITiNHOTO CUTOBOTO aHAJIIBY AYIKE CKJIaTHO
i moporo. [lanuit MeTox TaK0K 3abe3meuye TBOBUMipHY
BigyaJrisariiro HEOJHOPIAHOCTI aryiIoOMepAaIifHOI IITUXTH.
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METO/, AHAI3Y | CETMEHTALLIT
LLM®POBUX 306PAXKEHb HA OCHOBI
AUHAMIYHOIO KOHTYPHOIO PO3MNOAINY

METOJ AHAJIU3A U CETMEHTAL NN
LLU®POBbIX U30BPAXXEHUIN HA OCHOBE
ANHAMMUYECKOIO KOHTYPHOIO PA3AEJIEHUA

METHOD OF ANALYSIS AND
SEGMENTATION OF DIGITAL IMAGES BASED
ON DYNAMIC CONTOUR DIVISION

AHoTauis. [lonepegHiii aHai3 300pakeHb HACUMHO20 LWAPY CUMYy4y020 MATepiany go3BOJIsiE 3p0OMTH BUCHOBOK MpO Te,
o 6inbLiCTb 306paxeHb B MpoLeci ix opmyBaHHs NiggaroTbcs pagy HeaTUBHNX GAKTOPIB, L0 MPU3BOGATH JO COTBOPEH-
HS1, 3MA3YBAHHS TA [HLL020. TAKMM 41MHOM, 300pa)KeHHs1 MOBMHHe MPOiTH eTan MoineHHs SKOCTi. MOoXJMBICTb KoMaeHcauii
Takux eeKTiB, K TiHi i BIgOnCKu Ha 300paKeHHi, 4aCTO € BUPILLAIbHOIO G/sl YCiLLHO20 BUKOHAHHS MOGA/IbLLIO20 420PUTMY
006pobku iHpopmaii [11. MoniniueHHs SKoCTi 300paxeHHs € OGHIEID 3 OCHOBHMX LiNeli pu io2o 0bpobui. Po3ansiHemMo MeTog,
SIKi MPOMOHYETLCS BUKOPUCTOBYBATH GJIS1 MOJMNLLIEHHS KOCTI 300pKeHb HACMITHO20 Wwapy aziaomepaty [9].

Ha noyatkosin ctagii npowec ginntbes Ha 3 etanu [21:

1. ®OPMYBAHHS 300paKEHHS.

Etan gopmyBaHHs 306paxeHHs BKIIOYAE B cebe BBegeHHs 300pakeHHs B Ipo2pamy i 1020 nonepegHio 06pobky [3]. Bae-
geHHsl 306paxeHb Lapy W1XTK 3giACHIOETbCA 3a gonomozoto PoTo / Bigeo kamepu. Mpu poboTi cuctemmn gopmyeTbes bes-
nepepBHa MoCAigoBHICTb 306paxeHb 3 4actoTol 60 kagpis/c. [pu LUbOMY ONTUYHA BiCb Kamepw, Ika Popmye 306pIKEHHS,
PO3TALIOBYETHCS NEePNEHgUKYIAPHO CMY3i KOHBEEPA 3 LUMXTOIO.

2. [ligeoTtoBunii etar.

Ha ybomy etani BigbyBAETbCA MepeTBOPeHHs 300pKeHHS go BUGY, 3py4HO20 g MOGanbLIo20 aHanisy [4], i nigeoToBka
11020 gO Ljb020 AHANI3Y.

3. MMapameTpuyHuit QHANI3.

Ha eTani napameTpn4HO20 aHA/i3y 0OYMCAIOIOTHCS OCHOBHI TeXHO/I02i4HI XpaKTepucTiku cnmyyo20 matepiany [13].

KniouoBi cnosa: cunyyi matepianu, BU3Ha4eHHs pO3MIpY, un@poBi 300paKEHHSI.

AHHOTaums. [pegBap1TeNbHbIN AHAM3 M300PAXEHMIT HACHIMHO20 C/108 Chbifly4e20 MATepuad no3possieT CgendTb BbiBOG
0 TOM, 4TO GONBLUMHCTBO M300PaXeEHMIT B MpoLiecce Mx GOPMUPOBAHMS M0GBEP2aloTCs psigy He2aTUBHbIX GAKTOPOB, MPUBO-
GALUMX K UCKOKEHMIO, CMA3AHHOCTU U T.g. Takum 06pa3om, n3obpaxeHne gomkHO MPOMTM 3Tan yay4dlueHns KayecTsd. Bos-
MOXHOCTb KOMMEHCaLmu Takux 3PPeKToB, Kak TeHu 1 OAnKN Ha M300paXeHnm, YacTo SB/ISETCS PeLlaioLMM gAisi YCrelHo20
BbINONHEHNS ganibHerile20 an0putMa 0b6paboTkmn nHpopmavmm [11. Yayuienne kauyecTBa n3o0bpaxeHns IBASETCS OGHON 13
OCHOBHbIX Lie/1eii npu e20 06paboTke. PAccMOTPUM MeTOogbl, KOTOPble Mpegna2aeTcs UCMOoAb30BATL GAsl Y/1yulUeHUs Ka4yecTBa
M300paXxeHnil HaCbIMHO20 €105 a2oMepara [9].

Ha HayanbHo# cTagum npouecc geamntcs Ha 3 atana [2]:
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1. ®OpMUPOBaHME N300PaKEHUSI.

31an $opmmnpoBaHmns M300paxeHus BrIouaeT B cebsi BBegeHne M300paxeHus B Npoepammy 1 e2o npegaaputesibHyto 0b-
pabotky [3]. BBegeHue n306paxeHnii C0s LWMXTbI OCYLLECTBASeTCS C MOMOLLbo PoTo / B1geo kamepsl. [pu paboTe cuctembl
gopmupyeTcs HenpepbiBHAS MOCIEJOBATENbHOCTb M306PaXXeHuii € YacToToi 60 kagpos/c. [py 3TOM ONTHYecKas oCb Kamepbl,
koTopas popmupyet n3006paxeHune, pacnonaaeTcs nepneHguKy/IsipHoO Monoce KOHBeiepa C LMXTOV.

2. [logeoToBuTe/IbHbIN 3Tar.

Ha 3T0oM 3Tane nponcxoguT npeobpazoBaHmne n300paxeHns K Bugy, ygoOHoMy gas gasibHelile2o aHamm3a [4], n nogaotos-
Ka e20 K 3TOMy aHaaun3y.

3. [NapameTpuyeckni aHaam3.

Ha stane napametpuyeckoeo aHaam3a BbIYMCAFIOTCS OCHOBHbIE TeXHOI02MYEeCKMe XaPAKTepUCTUKM Cbinyde2o matepunana [13].

KnioueBble cnoBa: cbiryyve Matepuaibl, ornpegesneHune pasmepad, LngpoBble M306paxeHus.

Summary. Preliminary analysis of images of the bulk layer of bulk material makes it possible to conclude that most of the
images in the process of their formation are exposed to a number of negative factors that lead to distortion, blurring, etc. There-
fore, the image must go through a quality improvement phase. The ability to compensate for effects such as shadows and glare
on an image is often crucial to the successful execution of a subsequent information processing algorithm [11. Improving the
quality of the image is one of the main goals in its processing. Consider the methods that are proposed to be used to improve
the image quality of the bulk layer of agglomerate [9].

In the initial stage, the process is divided into 3 stages [2]:

1. Image Formation.

The step of forming an image involves entering an image into a program and pre-processing it [3]. The input of images of the
charge layer is carried out using a photo / video camera. The system produces a continuous sequence of images at 60 frames/
sec. The optical axis of the camera, which forms the image, is located perpendicular to the strip of the conveyor with the charge.

2. Preparatory stage.

At this stage, the image is transformed into a form that is convenient for further analysis [4] and its preparation for this

analysis.
3. Parametric analysis.

At the stage of parametric analysis the basic technological characteristics of the bulk material are calculated [13].

Key words: bulk materials, sizing, digital images.

Bmcalan OCHOBHOTO MaTepiaiy. [[yid ominKu rpany-

JIOMETPUYHOTO CKJIAAy CUITYUYNX MaTepiajiB mo-

Tpi6HO anropuTMiuHe 3abe3nevents [12], 1o fo3BoIAE

BUPIITyBaTU OCHOBHI 3aBJaHH IT0 00POO6ITi 300pasKeHb.

PosrissreMo 0cHOBHI eTanu Mo0yI0BY aJITOPUTMIYHOTO

3a06e3MeueHHs ONITUKO-eJIeKTPOHHOTO METOTY KOHTPOJIIO

TPaHyJIOMETPUYHOTO CKJIAIY.

AJTOPUTM JIOKATHHOTO TUHAMIYHOTO PO3TiJIeHHS.
Metop JoKaIbHOTO AUHAMiUuHOTO TTOAiay [5], 3acToco-
BYBaHUU IJ1A BUIJIEHHA I'PAHYJ HA OPUTIHAJIBHOMY
IOKyMeHTi (puc. 2), mpeAcTaBJIeHUN y3araalbHeHUM
aaropuTMoM [6], 1110 cKJIaZaeThCcsa 3 HACTYITHUX OC-
HOBHUX €TamliB:

1) A1 KOKHOTO TMOJOMKEeHHA KBaAPaTHOI JJOKAaJIbHOL
ob6JiacTi mepeBipseThCcAa YyMOBa BUXOAY il MeiKi 3a
MeKi 300parkeHHsT;

2) mad KOKHOI TOUKM BCepeAnHi KBaapaTHOI JIOKAJIbLHOL
obJiacTi obuncIThECS Bifcrawni rl, r2, r3, r4 go
YOTUPHOX KYTOBUX TOUOK ITiei obsacTi, BigmoBigHo,
i Barosi Koedimientu k1, K2, K3, K4, 1110 XapaxTe-
PHUBYIOTH MiCIIe3HAXOAKEHHA TOUKY MO0 KOKHOI
3 UOTUPBOX KYTOBUX TOYOK;

3) [U1d KOYKHOI TOUKM (X, ) KBaAPaTHOI JIOKAJIBHOI 00-
JacTi 00unCII0eThCA Toporose 3uaveHHA T. Taxk, Ha-
MIPUKJIAT, IJI IeHTPATbHOI TOUKY JOKAIBHOI 001acTi
3HaueHHdA ntopora T nopiBHIOE cepeqHbOMY apudMe-
TUYHOMY 3HAUEHb iHTEHCBHOCTL KYTOBUX TOUOK;

4) Touka (x, y) KBaApaTHOI JIOKAJIBHOI obJacTi BigHO-
CUTHCA [0 00’ €KTY, AKIIO il iHTeHCUBHICTD OijbIITe
moporosoro 3HaueHHa T (x, y), i o Tia, Ao ii
inTeHcuBHicTH MeHIIIe a60 mopiBuIOE T (X, Y).
PesysnbTaToM poOOTH aJTOPUTMY € 300paKeHH

(puc. 1), Ha AKOMY CBiTJIi TOUKU YTBOPIOIOTH IIIMAT-

KW CUIIy4YOT0 MaTepiaay, a TeMHI — IPOMIKKY MiK

HUMU.

AnroputMu KOHTYPHOTO po3xijeHHs. Iliciua dins-
Tparlii 300paskeHHsa HeoOXiJHO 3aCTOCYBATH 0 HHOTO
MeTOAU CKeJeTusarlii i MaTemaTuunoi mopdosorii [7].
Cresnerusariii 34 ICHIOETHCS IIIJIIXOM 3MEHIIIeHHS TOB-
IITUHY KOHTYPY 0 OAHOTO MiKCeJisd, IIPU IIbOMY Big0y-
BaeThCSA BUJAJEeHHA Ha KOXKHIN iTeparil rpaHUYHNX
miKceJiB, IO He IIOPYINYE 3araJabHy KOHQPIrypaiiro
isB’asuicTs [8]. Tomy KOpPOHY AJIA BUSHAUEHHS ILJIOII]
rpaHyJ 30iraioTbes (3 JeAKO0 MOTPIMTHICTIO) 3 peasb-
HUMU MeXaMU KOHTYPiB.

AsropuTM MeTOIy CKeJIeTu3allii moyAarae B HaCTy-
HOMY:

1) cTBOpPeHHSA TOYHOI KOITii BUXiTHOTO 300paskKeHH;

2) smificHIOETHCA 00XiM O BCiX TOUKAaX 300parKeHHA
mackoo 3x3. Takum unHOM, OIS KOMKHOI TOUKU
PB 3 koopgunaTamu (x, y) BU3HauawThCA i cycigHi
Touku P1-P8;

3) TOTOHIIIEHHA KOHTYpPA MijK I'paHyJIaMU 31iHCHIOETHCA

B IBA IPOXOIU:
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Puc. 1. 3o6paskeHH [0 i Micasa JJOKaJIbHOTO JTMHAMIUHOTO IIOPOTOBOTO TOALIY

a) akimo cepen Touok P1, P3, P7iTouok P1, P3,
P5 e wopHi, KigbkicTh KoHGIrypariii 01 HaBKOJIO
Touxku PO — (A (x, y)) = 1 icyma B (x, y) Touox
P1-P8 morpannsae B giamason [2,6], Toai Touxka
PO Bumanserncs;

6) aximo cepen Touok P3, P5, P7 i Touok P1, P5,
P7 e wopHi, KigbKkicTh KoHGIrypariii 01 HaBKOJIO
Touxku PO — (A (x, y)) = 1 i cyma B (x, y) Touox
P1-P8 morpamnnse B giamasox [2, 6], Tomi Touka
PO Bumanserncs.

ITicsa BUKOHAHHA cKeJeTns3allil Heo0XimgHO 3acTo-
cyBaTH 10 300paskeHHa MeToAM MOP@doIoTiuHol (hins-
Tparii: posmupeHHsa i BizHOBIeHHA KOopAoHiB [10].
ATopuTM POSIUPEHHSI MeXK II0JISTaE B HACTYITHOMY:
1) nna KoskHOI Touku 300pakenHs PO matpuiti 3x3

mepeBipAeThCca yMoBa: uu Mae Touka PO sagaHmit

KoJutip (mapameTp QyHKIIIT);

2) AKIIo yMOBa BipHA, TO IePeBipATHCA BCi KpanKu
B okosutti P1-P8. k1o xouip xoua 6 ogHiel Touku
B OKOJINIII BigMiHHMI Bix Koabopy Touku PO, To Tou-
ka PO 3a(ap00By€eThCSA «IIPOTHICHKHAM» KOJIHOPOM.
AsroputMm BigHOBIEHHA KOpHoHiB [11] MmicTuTh Ha-

CTYIHi eTamnm:

1) nnsa KosxHOI Touku 300paskenHa PO B matpuiri 3x3
BUBHAYAETHCA MPUHAJIEKHICTD 11 10 KiHIIEBUX TOYOK.
J1da 1boT0 TIepeBipAeThCA HAABHICTD B OKOJIHUILL
Touku PO 6iux Touok. O6XiZ TOUOK MTPOBOAUTHCS
4 pasu: «miBaenHa» mexxa — P5, P6, P7, P8, P1,
«cxigua» mexxa — P7, P8, P1, P2, P3, «miBuiuna»
mexxka — P1, P2, P3, P4, P5, «3axigauit KopgomH» —
P3, P4, P5, P6, PT7;

2) dopmyeThCcA MacUB KiHIIEBUX TOUOK;

3) obumcioeTbCcA BijcTaHb MijK yciMa mapaMu MacuBy:

8=|x1-x2|+|yl-y2|;

4) Ti TOUuKM, IIA AKUX 8 MeHIITe 3aJaHOTO ITapaMeTpa,
3’eqHYIOThCA. PesymbTaT cKeseTusaiii i mopdoJio-
riuroil 00pOOKY IIpeCcTaBIeHNH HA puUC. 2.

06

Puc. 2. 3o6parkeHnnsa micua ckeserusanii i mopdosroriunoi

ITicns 3acTOCyBaHHS BUIIEBKA3aHUX METOIiB 00p00-
KU 300paskeHHs Ha HbOMY YiTKO BUAHO MeXKi 00’€KTiB,
OT’Ke MOYKHA OLIHUTHU IX IIapaMeTpUUYHI XapaKTepu-
CTUKH.

BucuoBku. Po3po6eHo amropurmiuHe 3a0e3meyueH-
HA KOHTPOJIIO TPAHYJIOMETPUYHOTO CKJIAAY CUITYUNX
MaTepiajiB, 10 BKJIIOYAE:

— aJITOPUTM JOKAJbHOTO AUHAMIUHOTO ITOPOTOBOTO
HOAiJy, 3aCHOBAHUN Ha 00UMCJ/IeHHI BATOBUX KoOe-
dimmieHTiB TOUYOK JJOKAJIBbHOI 06J1aCTi Ta JO3BOJISE
OiABUIIATY TOUHICTH BUBHAYEHHS IIOPOTOBOT'O PiBHA
B YMOBax 3alllyMJeHUX 300pasKkeHb HACUITHOTO ITapy
aryioMmepary;

— aJTOPUTM KOHTYPHOTO MOAiJY JIOKAJbHOI 0b6acTi
TIOTOYHOTO 300pakeHHsI, 110 BUKOPUCTOBY€E METO I
ckesieTusalii i maremaruuaoi mopdostorii. Asro-
PUTM I03BOJISE OTPUMATH PEe3YIbTYIOUE 300parkeHHsI
3 UiTKUMU KOHTYypaMu.

IIpoBenmeno HaCTpOIiKa, HAJIATOMKEHHA 1 TECTYBaH-
HSA aJTOPUTMiB 00p0OKU Bimeoirmdopmarii Ha momei
300pasKeHb HACUITHOTO IIapy arjioMepary.
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DETERMINING THE STRENGTH OF THE LOCAL ELECTRIC FIELD
IN OXIDIZED MACROPOROUS SILICON STRUCTURES
WITH ZnO AND CdS NANOPARTICLES
AT THE «Si-Si0,» INTERFACE

AHoTauis. B gaHiii poboTi HaBegeHi pe3ynbTaTi gocaigxeHb IOKAbHO20 e1eKTPUYHO20 N0JIS B CTPYKTYpax MAkponop1CTo-
20 KpeMmHilo 3 HOHOMOKPUTTAMM MiKPOMOPUCTO20 KPEMHIlO, OKCUGy KpemHitlo Ta HaHokpucTanis A*B® (ZnO Ta CdS). Mpegmet
gocigxeHHs1 po00OTH — BUMIDIOBAHHS OMTMYHO20 NOIMHAHHS B OKUC/IEHUX CTPYKTYpax MAkpOnopucTo20 KPemHito 3 HaHO-
JactuHkamm ZnO 1a CdS Ha epanmui «Si-Si0,» y 6amxkHii 14-061acTi cnekTpy. JlocaigyeHo: cnekTpu 14 no2AnHAHHSA OKUCIeHNX
CTPYKTYP MAKPOMOPUCTO20 KPEMHIl0 3 HOHOMOKPUTTAM HAHOYACTMHOK ZnO (3 TOBLUMHOW OKcugy 7 HM, 15 HM Ta 30 HM) i Ha-
HouacTuHok CdS B nonieTuaeHimiHi (TOBLLMHOIO OKcugy 7 HM, 15 HM Ta 30 HM). MeTa po60Tu — BU3HAYeHHS HaMpPYy>KeHOCTi J10-
Ka/IbHO20 e/1eKTPUYHO20 MOJIS B OKUCIeHNX CTPYKTYPaX MAKPOMOPUCTO20 KPeMHilo 3 HaHoYacTuHkamu ZnO Ta CdS Ha 2paHmui
«Si-Si0,». Po3po6aeHo: MoOYJoBAHI 3a/1©XKHOCTI CeKTPa/IbHOR0 MOJI0KEeHHS MAKCUMMYMIB OCLMSLIV g/isi CTPYKTYP MAKpPOMO-
PUCTO20 KPeMHIto 3 HAHOMOKPUTTAM HAHOYACTMHOK ZnO Ta CdS Big ix HoMepy, Takox noOYgoBaHI 30/1€XKHOCTi HAMPYy>XeHOCTi
e/1eKTPUYHO20 MOJIS Big TOBLUMHM OKCMGY G/151 OKUC/IeHUX CTPYKTYP MAKPOMOPUCTO20 KpemHito 6e3 HOHOMOKPUTTIB Ta 3 HaHO-
MOKPUTTA HAHOYACTUHOK ZnO Ta CdS. BU3HAYEHO HAMPYXKeHICTb I0KA/IbHO20 eeKTPUYHOR0 NOAS HA 2paHmLi «Si-Si0, — Ha-
HOMoKpuTTA ZnO i CdS» MeTogoMm I4-Mo2ANHAHHS. [/1S1 CTPYKTYp MAKPOMOPUCTO20 KPEMHIt0 3 HOHOMOKPUTTAM HAOHOYACTUHOK
ZnO HANpy»xeHiCTb eNeKTPUYHO20 MOAS 3MIHIOETLCSA Big 5,6:10* B/cm go 6,3-10" B/cM 3 pOCTOM TOBLLUMHN OKCUGY. 3AN1eXKHOCTI
CreKTPaIbHOR20 MONOKEHHS MAKCMMYMIB OCUMAALIN BIg iX HOMePY g/ OKUCAEHMX CTPYKTYP MAKPOMNOPHUCTO20 KPeMHIlo 3 Ha-
HOMOKPUTTAM HOHOYACTMHOK CdS € NiHIFHUMM; HAMPY)KeHICTb eNeKTPUYHO20 MOAS /1Sl OKUCIeHUX CTPYKTYP MAKPOMOpUCcTO20
KPeMHilo 3 HAHOMOKPUTTAM HAGHOYACTMHOK CdS 3MiHIOETbCs Big 5,07-10" B/cm go 5,3-10" B/CM i € MEHLLOIO y MOPIBHAHHI 3 HAHO-
MOKPUTTSM HAHOYACTMHOK ZnO.

Kntouosi cnosa: makponopuctuii KpemHin; 2panns Si-Sio,; CdS i ZnO HGHOKPUCTANM; OKUCEHT CTPYKTYPH; HAMPY)KeHICTb
JIOKA/IbHO20 e/1eKTpU4HO20 Mosisi; eekT BaHbe-LLITapka.

AHHOTauMs. B gaHHo# paboTe npyBegeHbl pe3y/ibTaTbl UCCIeGOBAHMIT IOKAIbHOR0 3eKTPUYECK020 M0JIs B CTPYKTYPax Md-
KPOMOPHCTO20 KPeMHMS C HAHOMOKPbITYEM MUKPOMOPUCTO20 KDeMHUS, OKCMGA KPeMHMs M HAHOKpucTaanoB A?B° (ZnO u CdS).
Mpegmert ucciegoBaHns gaHHo paboTbl — M3MePeHie OMTUYECKO20 MOIOLLEHNS B OKUCIEHHBIX CTPYKTYpax MakponopucTo20
KpemHus ¢ HaHodactmyamm ZnO n CdS Ha epanmue «Si-Si0,» B bamxHeri MK-061actu cnekTpa. MccaegoBaHo: cnektpbl UK
02/I0LEHNS OKUC/IeHHbIX CTPYKTYP MAKPOMOPUCTO20 KPEMHMS C HAOHOMOKPbITUEM HaHo4YacTuL, ZnO (C TOALLMHON OKCMGa 7 HM,
15 HM 1 30 HMm) 1 HaHoyacTuy CdS B MoAM3TAEHUMIHE (TOILLUMHON OKCnga 7 HM, 15 HM 1 30 HM). Liesib paboTbl — onpegeneHie
HanpsiKeHHOCTY JI0KA/IbHO20 3/1eKTPUHECKO20 M0/l B OKUCACHHbIX CTPYKTYPAX MAKPOMOPUCTO20 KPeMHMS C HAHOYACTULAMM
Zn0 n CdS Ha epanuue «Si-Si0,». PazpaboTaHo: nocTpoeHbl 3aBUCUMOCTH CIEKTPA/IbHOR0 MOJI0KeHUS MAKCMMYMOB OCLiM/-
DU /1Sl CTPYKTYP MAKPOMOPUCTO20 KPeMHMSI C HOHOMOKPbITUeM HaHoyacTuy ZnO n CdS oT ux HoMepd, TaKxe MOCTPOeHbl
3aBUCUMOCTY HAMPSXKEHHOCTU 3/1eKTPUYECKO20 N0 OT TOALLMHbI OKCUGA /1Sl OKUCA@HHbIX CTPYKTYP MAKPOMOPUCTOR20 KPeMHMA
0e3 HaHOMOKPbITUIA 1 C HAHOMOKPbITUeM HaHoyacTuy ZnO n CdS. OnpegeneHbl HANPSXeHHOCTb JI0KA/IbHO20 31eKTPUYECKO20
1o/l Ha 2paHuLie «Si-Si0, — HaHoMmokpbiTue ZnO n CdS» meTogom UK-nozsiowenus. [Iisi CTPyKTYp MAKpOMop1cTo20 KpemHus
C HOHOMOKPbITMEM HAHOYACTUL, ZNO HAMPSXKeHHOCTb 1eKTPUYECKO20 MO M3MeHsieTcs oT 5,6:10° B/cm go 6,3-10" B/cm ¢ pocTom
TO/ILLMHbI OKCMGA. 3aBUCUMOCTY CNEKTPAIbHOR20 MOJIOKEHNS MAKCUMYMOB OCLMNALMIA OT UX HOMePa g/1s1 OKMC/IRHHbIX CTPYK-
Typ MAKPOMOPUCTO20 KPeMHMSI C HOHOMOKPbITUeM HaHo4acTuL CdS ABASIIOTCS IMHENHbIMU; HANPSYKEHHOCTb 3/1eKTPUYeCK020
107151 /151 OKMCAIEHHbBIX CTPYKTYP MAKPOMOPUCTO20 KPEMHMS C HOHOMOKPbITHEM HaHoyacTul CdS meHsietcs ot 5,07-10° B/cm go
5,3-10" B/cM 1 MeHbLue M0 CPABHEHMIO C HAHOMOKPbITUeM HaHo4acTuy ZnO.

KnioueBbie cnoBa: Maxkponopuctbii KpemHuii; pannya Si-Sio,; CdS n ZnO HaHOKPUCTA/IbI; OKMC/IeHHbIe CTPYKTYpbl; HA-
MPsXKeHHOCTb I0KA/IbHO20 3N1EKTPpUYecko20 nons; 3PPexT BaHbe-LUTapka.

Summary. This paper presents the results of studies of the local electric field in macroporous silicon structures with nano-
coating of microporous silicon, silicon oxide, and A’B° nanocrystals (ZnO and CdS). The subject of this study is the measurement
of optical absorption in oxidized structures of macroporous silicon with ZnO and CdS nanoparticles at the «Si-SiO,» interface in
the near-infrared region of the spectrum. Investigated: IR absorption spectra of oxidized structures of macroporous silicon with
nanocoating of ZnO nanoparticles (with an oxide thickness of 7 nm, 15 nm, and 30 nm) and CdS nanoparticles in polyethylene-
imine (oxide thickness of 7 nm, 15 nm, and 30 nm). The purpose of this work is to determine the local electric field strength in
the oxidized structures of macroporous silicon with ZnO and CdS nanoparticles at the «Si-SiO,» interface. Developed — the de-
pendences of the spectral position of the oscillation peaks for macroporous silicon structures with nanocoating of ZnO and CdS
nanoparticles on their number were constructed, and the electric field strength on the oxide thickness for oxidized macroporous
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silicon structures without nanocoatings and with nanocoating of ZnO and CdS nanoparticles was constructed. The local electric
field strength at the «Si-SiO, — ZnO and CdS nanocoating» interface was determined by IR absorption. For macroporous silicon
structures with nanocoating of ZnO nanoparticles, the electric field strength varies from 5,6:10* V/cm to 6,3-10* V/cm with in-
creasing oxide thickness. The dependences of the spectral position of the oscillation maxima on their number for the oxidized
structures of macroporous silicon with nanocoating of CdS nanoparticles are linear; the electric field strength for the oxidized
structures of macroporous silicon with nanocoating of CdS nanoparticles varies from 5,07-10* V./cm to 5,3-10* V/cm and less

compared to nanocoating of ZnO nanoparticles.

Key words: macroporous silicon; the boundary of Si-SiO,; CdS and ZnO nanocrystals; oxidized structures; local electric field

strength; Wannier-Stark effect.

BCTyH. B manwuit yac cnocrepiraeTbca 3BHAUYHUU iHTE-
pec 1o HalliBOPOBiTHNKOBUX HAHOKPUCTAIIB (KBaH-
TOBHUX TOUOK) Ha 0CHOBI cmosiyk A2BS. I1e mos’si3amo 3
yCIixamMu, JOCATHYTUME KOJIOITHOIO XiMi€0 y cumHTe31
TaKUX CTPYKTYP. I'pyna amepuKaHCHKUX TOCIIiTHUKIB
3 Pouectepcbkoro yHiBepcureTy i Kommanii Eastman
Kodak cTBopuia mepiri B ¢BiTi cBiTsIOBUTIpOMiHIOOU]
HaIiBIPOBITHUKOBI HAHOKPUCTANIY, AKi 3a0€3I1eUyI0ThH
Oesmepebilite CBiTIiHHA TPOTATOM HeKiJbKOX TOAUH.
Y 2009 porii rpymi Buenux 3 Jloc-AnamochKoi HaIio-
HaJbHOI JabopaTopii KamidopHificbkKkoro yHiBepcuTeTy
BIAJIOCSA PO3POOUTHU MMOBHICTIO HeOpTaHiuHi 6araTo-
0apBHI CBiTJI0i0IM HA OCHOBi KOJIOIAHUX KBAHTOBUX
TOYOK, iHKaNCyJIbOBAaHUX B HiTpuj rajio. Beegenna
HAHOKPUCTAJIIB B IieJIeKTPUUHY MaTPUILIO IPU3BOSUTH
0 iCTOTHOI BMiHM CIEKTPAJIBHOTO ITOJOKEeHHA, iIHTEeH-
CUBHOCTi (DOTOJIOMiHECIIeHITi]l, ITPOSABY AOJAATKOBUX
CIIeKTPAJbHUX MaKcuMyMiB. OTiKe, MOKJINBICTH KOHTP-
OJII0 OIITUYHUX BJIACTUBOCTEM IIPU BapiloBaHHI po3Mipy
HAHOKPUCTAJIB Ta MaTepiajy AieJIEeKTPUYHOI MaTPUITi
JIO3BOJISIE CTBOPUTH Ha iX OCHOBI JIeIeBi i TeXHOMOTiuHIL
CBiTJIOBUIIPOMiHIOIOUI CTPYKTYPU, BKJIIOYAOUM JIa3epu

i3 3MiHHOIO TOB’KMHOIO XBWJIi, HEOPTaHiuHi cBiT/IOHiOM
Ta KOJBOPOBI nucILei.

IlocranoBka 3aBmaHHA. BusHaueHHA HATPYIKEHOCTL
JIOKAJBbHOTO €JIEKTPUUYHOTO TOJIA B OKUCIEHUX CTPYK-
Typax MakpOIIOPUCTOT0 KPeMHiI0 3 HAaHOUACTUHKAMU
ZnO rta CdS ma rpaunii «Si-8i0,».

Buknan ocHoBHOTO MaTepianay. Y mamiit pobori mpo-
BeJleHO NTOPiBHAHHA cileKTpiB 1Y nmorsiimuaHHAa ouunIre-
HUX Ta HEOUUIIEHNX 3Pa3KiB MaKPOIIOPUCTOTO KPEMHiI0
3 TOBEPXHEBUM OKCHUAOM TOBITUHOI 5—30 HM Ta BU3HAa-
YyeHa HAIPYKEeHIiCTh eJIEKTPUYHOTO ITOJIA Ha IpaHuIli Si-
Si0,. Taxoxx npoanaizoBani ciexTpu I mornmuHanHA
OUHIIIeHUX Ta HEOUHUIIEHNX 3Pa3KiB MaKpPOIOPUCTOTO
KPEeMHiIO 3 TOBEPXHEBUM OKCHUIOM TOBIITNHOIO 5—30 HM
rta HaHomoKpuTTamu Zn0O ta CdS; BusHaueHa HAIIPysKe-
HICTB eJIEKTPUYHOrO MOJIA Ha Tpanuti Si-Si0, 1aa rakux
3paskiB o cnekTpax [Y mornuHaHHA; MpoaHaaidoBaHa
3aJIEKHICTh aMILIITY AW OCHUIAIIN morInHaHHA AA
Bim moryimHaHHS A, AKa € eKBiBaJIEHTHOIO 3aJI€XKHOCTL
yacy Po3CisiHHA eJIeKTPOHIB T BiJl eHepril eJeKTPOHIB E.

Hanouacruaku Zn0. Crnexrpu Y normmHaHHA OKUIC-
JeHUX CTPYKTYP MaKPOIOPUCTOTO KPEeMHit0 3 HAHOIIO-
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Puc. 1. Cnexrpu I4 nornmuuanea KpeMHieBOI migkaagku (1), CTPYKTYPHU MaKPOIOPUCTOTO KPeMHiio (2)

Ta OKHUCJIEHUX CTPYKTYP MaKPOIIOPUCTOr0 KPEMHIiI0 3 HAHOIIOKPUTTAM HAHOUACTUHOK ZNnO 3 OKCHAOM TOBIIUHOIO:
(3) — 7 HM, (4) — 15 HM, (5) — 30 HM
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KPUTTAM HaHOUACTHUHOK ZNnO TOBITUHOIO OKCUIY 7 HM,
15 M Ta 30 HM HaBezneHi Ha puc. 1. IlormuaaHHA cBiTsIA
HaMO6iJbIN iCTOTHE B CIIeKTpabHil obsacti Si-O, Si-H,
O-H 38’a3kiB. Ocuuadainii 3’ sBISIOTHCA AJIS TOBIIUH
oxcuny 15 um Ta 30 HM; aMILTiTy/Ia OCIIUJIAIII M 3POCTa€E
i3 30iIBIIIEHHAM TOBIITUHU OKCULY.

3a aHAJIOTi€I0 3 OKUCICHUMU CTPYKTYPAMU MaKPOIIO-
pucroro kpemHuio KpiMm TO-pouounoro mixky 1086 cm?
GopMyeThCA TaKOK HiK morauHauusa LO-poHoHOM
(1256 cm™') 3aBAAKY PO3MOBCIOAMKEHHIO IALaI0U0r0
BUIIPOMIiHIOBAHHA B3JOBXK IIOBEPXHI IMUIIHAPUIHUX
Makponop. Kpim Toro, B 11ifi cmeKTpanabHiil obacTi
GHOPMYIOTHCA JOAATKOBI ITiKW B CTOPOHY 30iJIbIITEH-
Hd eHeprii ¢poToHiB Bix niky noraurauaa LO-doHO-
HOM, TIOB’sI3aHi 3 6araTo)OHOHHUMU TTOJIPUTOHAMMU:
1447 cmt, 1646 e 1 1880 em?!, sKi oKpemo HaBemeHi
Ha puc. 1.

B 3asie’XHOCTAX CIIEKTPAIBLHOTO ITOJIOXKEHHI MaKCH-
MYMiB OCIIUJIAII# Bix X HOMepy (puc. 1 Ta puc. 2) giaa
OKHCJIEHUX CTPYKTYP MaKPOIIOPUCTOTO KPEMHIio 3 Ha-
HOIIOKPUTTAM HaHOUYACTUHOK ZNnO BUHUKAE ePeTuH
npu eHepriax gorouis B o6macti 2000 cm . Ilepernu
MoOKe OyTHU IMOB’ A3aHUHN 3i SHUKEHHAM IOTJINHAHHSA
(MiHiMYyM cneKTpaTbHOI 3aI€3KHOCTI IOTINHAHHSA) 3aB-
IAKY TOJIPUTOHHUM e(peKTaM.

Hanpy:xenicts enekrpuunoro nouda (F = AE/a)
sMiHIOE€THCA Bix 5,6:10* B/cm 10 6,310 B/cMm (puc. 3,
puc. 4, Tabia. 1) 115 CTPYKTYP MaKPOIIOPUCTOTO KPeM-
HiI0 3 HAHOMOKPUTTAM HaHOYACTUHOK Zn O.

Hanouacruaku Cd S. Cuexkrpu I'Y norsimHauHsA OKuC-
JEeHUX CTPYKTYP MaKPOIIOPHCTOTO KPEeMHit0 3 HAHO-
MOKPpUTTAM HaHouacTuHOK CdS B mosieruienimini ta
TOBII[MHOIO OKcuAy 7 HM, 15 HM Ta 30 HEM HaBeAeHi Ha

Tabauus 1
Hanpy:xeHicTh €JIeKTPUYHOrO MOJIS IJIA CTPYKTYP
MaKPOIIOPHCTOT0 KPEeMHiI0 0e3 Ta 3 HAHOMOKPUTTAM
HaHOYacTUHOK ZnO

d ., am F, 107, B/cm B /IZ;I 1(0Z:1’0)
7 5,8 5,6
15 4,76 6,2
30 5,04 6,3

puc. 5 ta puc. 6. [TlormuHaHHA cBiTJIa HAHGIIBII icTOT-
He B CIeKTpasbHil obsmacti Si-O, Si-H, O-H 3B’s3KiB
i opramiuaux crmoayk. Ocriuasaiiii 3’ ABAAOTHCA AJIA
TOBIIIUH OKcuay 15 uM Ta 30 HM; aMILIiTy1a OCIHAISII i
nas toBinuHU okcuny 30 uMm 6inbina B obsacti Si-O-Si
3B’a3KiB i MeH1Ia B 06sacTi Si-O 3B’ A3KiB y HOpiBHAHHI
3 TOBIIIMHOIO OKCHUIY 15 HM.

CrexTpu [4 morTrHAHHA OKUCJIEHUX CTPYKTYP MaK-
POIIOPUCTOTO KPEMHII0 3 HAHOIIOKPUTTSIM HAHOYAC-
TruHOK CdS B moJrieTnieHiMiHi Ta TOBIIUHOIO OKCUIY
15 um Ta 30 EM MaroTh iHTeHcuBHI TO- (1086 cm ') Ta
LO — (1256 cvm) dponouni niku (puc. 6). Bumipani
TAKOXK ITiKY HOTVIMHAHHA OPTaHIYHUMY CIOJIYKaMU —
1447 cm!, 1646 cm'i 1880 em!, moB’sa3aHi 3 6araTodo-
HOHHUMU IIOJISPUTOHAMU.

3aJIe:KHOCTI CIIeKTPAJIBHOTO MOJIOKEeHHA MaKCUMY -
MiB OCIIMJIAIIH Bif iX HOMepY (puc. 7) IJId OKUCIEHUX
CTPYKTYP MaKpPOIOPUCTOr'0 KPEMHII0 3 HAHOIIOK PUTTSM
HanouacTuroK CdS e mimifinumu. HanpykeHicTs eex-
TPUYHOTO II0JIA ¢1a60o 3MiHIOETHCA Bix 5,07-10* B/cM 10
5,3:10* B/c™ (puc. 8 Ta Tabi1. 2) i € MEHIIIO0 Y IIOPiB-
HAHHI 3 HAHOMTOKPUTTAM HaHouacTUHOK ZnO (Tabs. 1).
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Puc. 2. ®parmenT cuekTpis I'4 nornuHaHHA OKUCIEHUX CTPYKTYDP MAKPOIOPUCTOTO KPEMHIIO 3 HAHOIIOKPUTTAM

HaHOouacTUHOK ZnO0 3 ToBmuHOI oKcuxy: (1) — 15 uMm, (2) — 30 M
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Tabauus 2

Hanpy:xeHicTs e TeKTPHYHOTO OIS AJII CTPYKTYP

MAaKPOIIOPUCTOTO KPEMHil0 6e3 Ta 3 HAHOMOKPUTTIM
HaHouyactuHok CdS

d ., m F 107, B/cm B/Il?\.'ll((:?;’S)
7 5,8 5,3
15 4,76 5,1
30 5,04 5,07

Awvnnityga ocrimnsariiit DA e mpomopItifiHoio uacy
poscianusa eneKTpoHiB G1~1. 3 Apyroro GOKy, MOTJIN-
HaHHA A € TPOTOPIiHHNM KOMILJIeKCHIN TieJeKTpUYHi it

OPOHUKHOCTI, IKa 3aJeKUTh Bi/l HAIPYKEHOCTI eJIeK-
TPUYHOTO ITOJIS T eHeprii eJIeKTPOHIB. 3aIesKHOCTI aMII-
Jitynu ociuiaAniti DA Big morsmHaHHA A 714 3pasKiB
MaKPOIIOPUCTOTO KPEMHIiI0 3 TOBEPXHEBUM OKCHUIOM
rToBIuHOM 15 HM Ta 30 HM Ta HaHOKpUcTasamu ZnO Ta
CdS masegeni ma puc. 9 gias mosepxuesux Si-O cTaHiB
i migmopAnKOByOTHCA 3aKOHY «3/2» (TOOTO, OTPUMAaHI
pesyJbTaTHu BigmosizaoTs t~E3/?) 3a BUK/IIOUEHHAM
MaKPOIIOPUCTOTO KPEMHIiI0 3 TOBEPXHEBUM OKCHUIOM
ToBIIHOI 30 HM Ta HaHOKpPHUcTajsamu Zn O.

BucaoBrku
1. ITo6ymoBaHi 3a/1€KHOCTI CIIEKTPAIBHOTO TIOJIO-
JKeHHA MaKCUMYMiB OCIIUJIAIH I/ CTPYKTYP MaKpO-
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Puc. 3. CuekTpasbHe IOJIOKEHHA MAKCUMYMiB OCITUJIAIIH AJIA CTPYKTYP MaKpPOIOPUCTOTO KPEMHiI0
3 HAHOIIOKPUTTAM HaHOUACTUHOK ZnO Ta ToBIIMHOI oKcuny: (1) — 15 M, (2) — 30 HM

7 ~
2 o
= e
L 6+
29]
':!' n
2 -
R
~ 5 L _—
- 1
4 1 N 1 L 1 . ! Il . )
8 12 16 20 24 28 32
d ., HM
0X1

Puc. 4. 3anmexHOCT]I HAIPYIKEHOCT] @JIEKTPUUHOTO MOJISI BiJl TOBIUHY OKCULY AJIS OKUCIEHUX CTPYKTYD
MaKpPOIIOPUCTOro KpeMHito 6e3 (1) Ta 3 HAHOMOKPUTTAM HaHouacTUHOK ZnO (2)
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TIOPMCTOTO KPEMHII0 3 HAHOIOKPUTTAM HAHOYACTUHOK
ZnO ra CdS Bix ix HOMEDY € JiHifTHUMU.

2. BusHaueHo HaIPy»KeHiCThb JJOKAJIBHOTO eJIeKTPUY-
HOT'O 10JIA Ha rpanuMi «Si-Si0, — manonoxkpurra ZnO
i CdS» meTomom IY-mornmmHasHsa:

a) HATIPY KeHiCTh eJIEKTPUYHOTO TOJIA IJIA CTPYKTYP
MaKpPOIOPMCTOT0 KPEMHI0 3 HAHOIIOKPUTTSAM HaHOUAC-
trHOK ZnO 3MiHeThC Bif 5,6:10* B/em 10 6,3:10* B/em
3 POCTOM TOBIIIUHY OKCULY;

0) HAIPYKEeHiCTh eJIEKTPUYHOTO II0JIA AJISI OKMCIIe-
HUX CTPYKTYP MaKPOIOPUCTOTO KPEMHi0 3 HAHOTIOKPHUT-
Tam HaHouacTuHOK CdS sminioersed Big 5,07-10* B/cm
10 5,3:10* B/cM 1 € MEHIIIOI0 Y TOPiBHAHHI 3 HAHOIIO-
KPUTTAM HaHOUACTUHOK Zn O.

3. ITobymoBaHi 3aJe;KHOCTi HATIPY KEHOCTi eJieK-
TPUYHOTO TOJIA Bijl TOBIIIUHYU OKCUAY IS OKUCIEHUX
CTPYKTYP MaKpPOIIOPUCTOT0 KPeMHito 6e3 HAaHOTIOKPUTTIB
Ta 3 HAHOMOKPUTTAM HaHouacTuHOK ZnO ta Cd S.
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Puc. 5. Cnextpu I nornuranua kpeMHieBoi migkaagku (1), CTPYKTYPU MaKPOIOPUCTOTO KPEMHIIO (2)
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Puc. 6. ®parmenT crekTpiB 1Y moranHaHHSA OKUCIEHUX CTPYKTYP MaKpPOIIOPUCTOTO KPEMHIiI0
3 HAHOMOKPUTTAM HaHOUacTUHOK CdS Ta ToBIuHOW oKcuzay: (1) — 15, (2) — 30 um

Ta OKHUCJICHUX CTPYKTYP MaKPOIOPUCTOrO KPEMHII0 3 HAHOMOKPUTTAM HaHouacTUHOK CdS Ta TOBIIUHOIO OKCHUAY:
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Puc. 8. BasmerxkHoCTi HATPYKEHOCT €IEKTPUUHOTO IIOJIS BiJf TOBIUHY OKCUAY AJIA OKUCIEHUX CTPYKTYP MaKPOIIOPHCTOTO
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// International scientific journal «Internauka» // N2 3(83), vol. 1, 2020 // Physics and mathematics //

Awmnaityna ocuimaaArniit DA € mpomopIiiiinoio yacy  HY «3/2» (To0TO, OTpUMaHi pe3yabTaTi BiAIOBiat0Th
poscisHHA eneKTPoHiB G1~1T mia 3paskiB Makpomo- 1~E3%?2) 3a BUKII0UEHHAM MaKPOIOPUCTOI'0 KPEMHIiI0
pucrToro RpeMHlIO 3 IIOBEPXHEBUM OKCHUJIOM TOBITUHOIO 3 IIOBEPXHEBUM OKCHUIOM TOBIIIMHOIO 30 HM Ta HaHO-
15 am ta 30 um ta Hanokpuctajgamu ZnO ta CdS g xpucramamu ZnO.
moBepxHeBUX Si-O cTaHiB i HiATOPAIKOBYIOTHCA 3aK0-
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MASHRAB THROUGH THE EYES
OF GERMAN ORIENTALIST MARTIN HARTMAN

Summary. In this article we will study the heritage of the poet Boborahim Mashrab in Germany, in particular by the German

orientalist Martin Hartmann.

Key words: Shah Mashrab, a world-renowned scientist, “Wonderful dervish or saintly atheist”, “King Mashrab”, “Devoni

Mashrab”.

fter gaining independence, our people have a grow-

ing interest in learning about their country, their
language, culture, values and history. This is natural.
There are people who want to know their ancestors,
their ancestry, the history of their native village, city,
and finally their homeland.

Today the world recognizes that our homeland is one
of the cradles of not only the East but also of the world
civilization. From this ancient and blessed soil, great
scientists, scholars, scholars, commanders were born.
The foundations of religious and secular sciences have
been created and adorned on this earth.Thousands of
manuscripts, including the history, literature, art, poli-
tics, ethics, philosophy, medicine, mathematics, physics,
chemistry, astronomy, architecture, and agriculture,
from the earliest surviving manuscripts, to records, are
stored in our libraries. the works are our enormous spir-
itual wealth and pride. Such a legacy is rare in the world.

The time has come for the careful study of these
rare manuscripts, which combine the centuries-old
experience of our ancestors, with their religious,
moral and scientific views. Certainly, a great part
of our spirituality was created by our scientists and
poets. The great Navoi, Fuzuli, Bedil, Sufi Alloyor
and thousands of other sultans have introduced our
nation and homeland to the world. Among them is the
name of Boborahim Mashrab, son of Mulla Vali, poet
and philosopher of our compatriot, fellow country-
man. The study of Jahongashta’s epic and dervish’s
contribution to Oriental literature has more than 300

/6

years of history. We can cite Uzbek scholars, Russian
Orientalists and other foreign researchers.

Our main purpose is to reflect on the study of our
compatriot Boborahim Mashrab in the West, main-
ly in Germany. This is a new topic for our literary
studies. Because of our independence, NamDu faculty
and students also have connections with many major
universities, libraries, renowned research centers and
scholars around the world. In particular, our contacts
with such institutions as the Federal Republic of Ger-
many and Switzerland, the Berlin State Library, the
State Library of Bavaria, the Leipzig University, and
the Free University of Berlin have brought a lot of new
information on the study of Oriental thinkers abroad.
In particular, the personality and works of the poet
Mashrab were well known in the West. It has been
studied by many Western scholars. We will focus on
the study of German scientists by Boborahim Mashrab.

Consistent and scientific study of the life and works
of the poet in the West — in Europe — began in the
19th century. Among the German scholars who con-
tributed to the study of engineering are the names of
Martin Hartmann and Annamaria Shimmel.

Martin Hartmann was a great German orientalist
and Islamic scholar who was born on December 9, 1851
in Worslaw, Poland. He received his doctorate in 1875.
From 1887 until his death in 1918, he taught at the
Department of Oriental Languages in Berlin. As a
professor, he is working on Islamic studies in Berlin.
Numerous perspectives have emerged on the basis of
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myriad studies in Islamic education, many of which are
published in the Die Welt des Islams magazine and in
the Deutsche Gesellschaft fuer Islamkunde (German
Society for Islamic Studies).

The main work of the German orientalist in the field
of Mashrab is his book “The wise dervish or saint athe-
ist.” In writing this book, Hartmann relied on Bobora-
him Mashrab’s book Shah Mashrab and Devoni Mashrab.
Let’s go back to where the scientist got these book.

In the late 19th and early 20th centuries, intellec-
tuals in Central Asia published a number of books in
Turkey for the needs of Turkistan. Abdullaev’s report
“B. Mashrab. On pages 24—-25 of the book Mabdai Nur,
“We know that Mabdai Nur has been published six
times,” the year, place, who was supposed to publish
these books and the order number set by the Institute
of Oriental Studies of the Academy of Sciences of Uz-
bekistan. Below the 6 digits, we read:

... published in the Mahmudbek printing press in
Istanbul in the year 1319 AH (1901 AD), presumably
by Siddiq Khoja Khojandi (p. 340)

To reiterate the words of the teacher, we quote from
a preface to Martin Hartman’s book The Wisdom of
the Dervish, or of the Sacred Genius, in August 1902:

... All of a sudden I did it. One of the Istanbul book-
stores showed up and read two lithographical books in
the autumn of 1901, at my request for literature in
Central Asia. One is Huvaido’s poetic devil, the other is
Mashrab’s poetic devil: the first book is a collection of
poems by Hodja Nazir Jumaniy, and “Devoni Mashrab”
is a collection of poems by a Mashrab ...

Martin Hartmann has written exactly how he found
“Devoni Mashrab”, but we do not know how he got his
masterpiece. One of the footnotes in the text of the
book “The Wisdom Dervish or the saint atheist” reads:

... In addition to the Istanbul lithography published
on the first day of Rabi ul-End in 1318 AH, I also have a
158-page book, Shah Mashrab, published in Tashkent by
Brother Portsevs in 1316 and censored on October 2, 1898.

The German orientalist reads these books carefully,
ignoring every single event in it. Inspired by them, he
wrote his book, “The Wonderful Dervish or the Sacred
Genius” in 1902. and commenting on the event. He
also accurately describes the location of Namangan:

“This city of Russian Turkestan has a population of
62,000 and is currently 65 verts (1v=1,067km) from
Margilan, and Margilan is located on the Samarkand-
Andijan road.”

As you can see from these examples, the scholar has
widely studied Central Asia. He also touched upon other
scholars who came from the city of Namangan to study

Mashrab. He referred to F. Schwartz’s book Turkistan. In
addition, Hartmann will be more informed by his letters
with Johannes Avetaranian, a Hungarian orientalist
who has lived in Kashgar for many years. Avetaranian’s
home in Kashkara contains information about Boborahim
Mashrab and his teacher, Ofokhodja, and contains miss-
ing, beautifully written manuscripts and inscriptions
from “Shah Mashrab” and “Devoni Mashrab”.

Martin Hartmann, in his book The Wise Dervish or
the Sacred Genius, explains the different cities, individ-
uals, and legends. After writing this book, he set out on
an expedition to the cities and villages of present-day
Kashgar, Afghanistan, Kyrgyzstan, and Uzbekistan
in early 1903 to see firsthand what happened in the
story and to collect new material. During the trip, she
will meet the people of Mashrab and the items stored
there, as well as people who have information about the
dervish poet and his elder, Ofok Khoja. He visited cities
and villages, and conducted numerous conversations
and information with ordinary people, scholars, mul-
lahs, and rulers. When he returned home, in the end of
1903, he wrote an article entitled “Step by Step,” based
on the results of the trip. The article was published
in the 9th issue of the Orientalishe Literaturtsitung
(Orientalische Literaturzeitung) newspaper. He wrote
this article in response to a lecture on “Islam in Persia”
by Oriental scientist I. Goldstein at the International
Orientalist Congress in Paris in 1900. As we read the
article, we see that every historical fact, person and
date, as well as the narratives cited in “Shah Mashrab”
are not ignored by the scholar. The work presents the
thoughts, memories, and hearings of Mashrab, young
and old, young and old, educated or ordinary. In par-
ticular, a Kyrgyz boy from Oksalur said that Mashrab
was the saint who sacrificed his horse to the tomb, and
he was the only person who came to the heart of this
boy. The work also shows the respect and respect of
the German scholar for the local population. Although
many facts and arguments are given in it, the date of
Mashrab’s death is 1105 (1693 AD). The reason for
this error can be explained by two facts:

The English-orientalist Hovart included two rulers
in Afghanistan in his book Turkistan. The first is Mah-
mud Otaliq and the second is Mahmudjon. The first is
how Hobart died in Mahmud Otaliq’s book. According to
the opinion of Professor I. Abdullaev, published in 1994
It’s fun. In the books Mabdai Nur and J. Yusupov “Meh-
ribonim register”, the year of death of our compatriot
is precisely 1711 years.In short, the German orientalist
Martin Hartmann made a significant contribution to
Mashrab in his work on the Mashrab heritage.
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Summary. This article examines the features of the literary translation of the work of the great thinker Yusuf Khos Hajib
“Kutadgu Bilig” into English and Russian languages who lived and worked in the XI century.
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t is no wonder that “Kutadgu Bilig” as a Turkic

monument attracts the attention of world Turkic
scholars very seriously. In Uzbekistan, the study and
research of Yusuf Khos Hajib’s “Kutadgu Bilig” is no
less the work of foreign scientists. First of all, it is ap-
propriate to name A. Fitrat, N. Mallaev, K. Karimov,
B. Tukhliev, K. Sadykov and others as the founders
of the Uzbek large school of knowledge. Thanks to the
efforts of these scholars, the interest in studying the
general linguistic and poetic aspects of the “Kutadgu
Bilig” and the determination of the global status of
the work was increased.

Didactic poem, written in poetic form, “Kutadgu
Bilig”. Its poetic form, based on the fourfold, has a
long tradition. According to R. Orzibekov: “He has
done research on Turkish literature ... Fuod Bridge,
T. Kavalsky, M. Khamroyev, E. Rustamov, M. Yunusov
and others. They say that the influence of the ancient
foursome in Turkish literature has played an important
role. “ We can include I. Hakkulov, M. Mamatkulov
and others.

It is well known that “Kutadgu Bilig” is written in
a satirical form, in Aruz’s great pleasure. It is worth
noting that a number of scientific studies have been
done on the genre characteristics of Kutadgu Bilig. The
research of R.R. Arat, A. A. Valitova, I. V. Stebleva,
B. Tuhliev and others in this regard deserves special
attention. This poetic form, which began with Yusuf
Khos Hajib’s “Kutadgu bilig”, published analytical
conclusions about the poetry of the articles, as well
as individual booklets, by Ahmad Yugnaki’s “Hibat
ul-hakayiq”, Khorezmi’s “Muhabbatnoma” and “Yu-
suf and Zulaikho”, Continued in the Hamsa of Navoi.
Yusuf Khos Hajib is one of the founders of the Turkic
epic tradition. Many studies have seriously considered:

“Consequently, attitudes towards social life and
philosophical understanding of life were further
deepened by the works of Ahmad Yugnaki, Haidar
Khorezmi, and Alisher Navoi, who passed away after

/3

Yusuf Hos Hajib, and of course, the merits of Yusuf
Khos Hajib are endless.”

Some of the bytes in the “Hibat al-Haqq” prove
that Ahmed relied on the views of Yusuf Khos Hajib”.

The four are an independent, meaningfully com-
pleted poetic form with a clear, concise expression.
M. Mamatkulov’s opinion regarding the use of the
Quartet in Turkic poetry is also valid: Fourteen has
been widely used in Turkic folklore since ancient times.
The quartet is the basis of folk songs. After the Turks
converted to Islam, Aruz’s status in the written liter-
ature increased and became the main focus of Turkish
poetry. This phenomenon is explained by the need for
poetry in this period”.

It is also worth mentioning the positive effects of
the Yusuf Hosib Quartet on many artists in recent
times. In particular, MFKupulizoda argues that the
four quadrupeds in the Qasas ul-anbiya composition
are based on the tradition of Qutadgu Bilig and Hibat
ul-Hagq. Different opinions were also expressed on the
number of quartets in the work. Therefore, it is worth
noting the four aspects of the work that have been
studied in the light of literary criticism. Scientists
have differing opinions on the number of quadrupeds
in the “box” In particular, “Fitrat said that they are
over 182, Iv Stebleva more than 200, X. Usmonov
more than 50, A.N. Samoylovich 202 and K. Karimov
205. Later, by comparing the three manuscripts of the
work, it was revealed that they were 210”.

The issue of the author of the quartet was also con-
troversial. A number of scholars, including A. Fitrat
and H. Usmanov, attributed them to other authors,
while others asserted that some of the four works
belong to the author and others to the authors. The
question arises, who are the authors? This question
remains open. AA Valitova and K. Karimov noted
that the majority of the quartet belong to Yusuf Khos
Hajib, and some are related to folklore. Here it is
necessary to distinguish between the development of
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communication. This is because the human factor is
at the center of the idea of the fourfold work. When a
writer or poet lives and works in a human society, it is
not possible for him to create his own ideas. It means
that every writer lives within the ideals of society.
The presence of folklore samples in the Yusuf Hosib
Quartet should be regarded as natural, and should not
be regarded as an excerpt from folklore. Having thor-
oughly studied the weight, theme, artistic means and
style of the four, B. Tokhliev assures us that all four
of the works belong to the author. In our opinion, all
four of the works belong to Joseph Hosib.

When it comes to quartet, it is also worth noting
that it is different from other poetic forms. “Unlike
Masnawi, the four-point clause has the potential to vary
rhyme. That is why poets feel much more comfortable
in quartet works and try to create new species not only
in rhyme but also in weight”.

In Russian poetry, the genre of four is widely used.
“Catren (French — quatrain — quartet) is an indepen-
dent poetic genre that consists of four lines, odd or
double, and is widely used in European poetry. It has five
types of rhyming: aaaa (monorim rhyme), aaba (binary
form: usually the third line is used for rhyme b)”, abba
(interconnected rhyme), abab (cross rhyme), aabb (inter-
section). double rhyme). Catren usually produces lyrical
and didactic poems that mean a lot in short terms”.

It is noteworthy that Yusuf Khos Hajib, as a
high-level artist, has been able to use poetic arts in
all fours as well as in other parts of the work. The
role of poetic arts in the composition of fiction is not

accidental. It is an element that depends on the poet-
ic ability of the poet. Therefore, the manifestation
of poetry in translation may also be one of the main
criteria for determining the skill of a translator. Ac-
cordingly, we have considered some of the arts that
have prioritized the quartet. In particular, the art
of tamil is very important in the work. The poet also
skillfully used them in the quartet. At the same time,
the translators of S.N Ivanov, V. May and R. Denkoff
have made significant progress in the reproduction of
the tamil art used by the four.

In some cases, this art was not reflected in the trans-
lation. Denkoff is very close to the original in this
art. Sometimes the interpreter’s translation of the
representational images did not correspond to the es-
sence of the four. In some of Denkoff’s interpretations,
creative additions have played an important role in
the full translation of the text and its comprehension
to the English reader. In the translation of the font,
S.N. Ivanov also achieved great success, because in
some cases the lack of full understanding of the texts
was not fully reflected in Russian, which in turn was re-
flected in the English version. The translator, V. May,
has taken a particular approach, and has been able
to skillfully recreate this fine art. At the same time,
because of his preference for freedom and form, some
texts are not mentioned in the translation. In some
cases, ignoring just one word has led to the opposite
of the content of the quadrilateral. But in some places,
creative additions further strengthened the meaning
of the sentence in the translation.
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®1JI0OCOPCbKI HAYKU

POJ1b IMTOBAJIBALIT Y ®OPMYBAHHI HOBOI J1H0/IHU
Y HOBOMY CBITI TA i COLLIA/IbHO-®I10CO®CbKI ACMEKTU

POJIb INMTOBAJIU3ALNN B DOPMUPOBAHUN HOBOI'O YEJTOBEKA
B HOBOM MUPE U EE COLUUATIbHO-OUTTOCODCKUE ACIEKTDI

THE ROLE OF GLOBALIZATION IN THE FORMATION OF A NEW PERSON
IN THE NEW WORLD AND ITS SOCIO-PHILOSOPHICAL ASPECTS

AHoOTaUif. Y CTATTi PO3KPMBAIOTLCA TEOPeTUYHI MepegymoBN goCigxKeHHs! CoLianbHO-PinoCOPCLKMX acrekTiB «HOBOI
NIOGUHN» B «<HOBOMY CBITi». ®OPMYBAHHS COLiANbHUX 0COOMBOCTEN CyydcHOI JHOgUHU, 0 TAKOX MOGA/bLUIMIA PO3BUTOK 2/10-
banisauii B iHPopmaviriHoMy CycninbCTBi. PeBo/IOLiViHA 3MIHA IOgCbKOI MCMX0102II B YMOBAX couianbHO20 rnpozpecy. Oco-
6MBOCTi BIGKpUTOCTI CBIGOMOCTi — 20TOBHICTb O 3MiH, sIKi HECYTb HOBMIT TeXHON02iYHWIA ykAag. Po32asgaioTbes inocodcbko-
QHTpOMono2iyHi napagmamm 2n06ani3avii, BBaxarwoum i sgpom UmBIni3ayiiiHozo nigxogy go Ge3nepepBHOCTI i HACTYMHOCTI.
[ToKa3aHi cBITO2ASgHI NepcriekTUBM 3MiHW HOBOI IIOGUHU Mg BIIMBOM iHOPMALIiFIHO-TEXHON02IYHO20 CBITY, PO3KPUTO BAACTH-
BOCTi gia/1eKTMYHO20 MpoTHpiyysi Ta B3AEMOGii B iHpopmaviviHiii pepopmi.

KniouoBi cnosa: 2106a1bH1iA CBIT, 2100a/1i3aUis, HOBWMIA CBIT, iIHPopMaviviHui Bubyx, iHpopmauiiiHe CycninbCTBO, WTYYHWI
iHTeNEeKT, BiguyeHe CycniibCTBO, KOMITI0TepM3aLis, CAMOPO3BMTOK, COLIAIbHUI MPO2PeC, «HOBA» IIOGMHA.

AHHOTaUMA. B cTaTbe paCKpPbIBAOTCS TeopeTnyeckme UCCIegoBaHUs O COLMAnbHO-PUAOCOPCKMX ACreKTax HOBO2O Yeso-
BEKa B HOBOM Mype. OPMUPOBAHMS HOBbIX 0COOEHHOCTeli COBPEeMEHHO20 Ye/I0BeKd, d TAK e ga/bHelillee passuTie 2106a-
JM3ALMK B MHPOPMALIMOHHOM OOLLECTBe. PeBO/IIOLMOHHOE U3MeHeHMe 4eoBeYecKoii MCUX002MN B YCIOBUSIX COLMANbHO20
npozpeccd. OCO6eHHOCTH OTKPLITOCTH CO3HAHUS — 20TOBHOCTb K MepeMeHaM, KOTOpble HeCeT HOBbIN TeXHOM02MYeCKMIi yKag.
PaccmatpuBaroTcs punocoPckm-aHTponosondeckue napaguembl 2106a11M3aLMm, CYUTAs ee SgPOM LMBUAU3ALMOHHO20 M0g-
X0ga K HenpepbIBHOCTY 1 MPeemMCcTBEHHOCTH. [T0Ka3aHbI MUPOBO33peHYeCKIe nepcreKkT1Bbl U3MeHeHsl HOBO20 YesloBeKa 1Mog
B/MSIHMEM MHPOPMALMOHHO-TEXHOM02MYECKO20 MUPA, PACKPLITO CBOMCTBA gUAIEKTUYECKO20 MPOTUBOPeYMs U B3aMMogei-
CTBUS B UHHOPMALIMOHHON pedopme.

KnioueBble cnoBa: 2106abHbIV Mup, 2106GM3aLMS, HOBbIV MUP, MHPOPMALMOHHBINA B3PbiB, MHPOPMALMOHHOe 06LLecTBO,
WMCKYCCTBEHHbIVi MHTE/IEKT, OTUyKgeHHOe 00LeCTBO, KOMIbIOTep13aLmsi, CAMOPA3BUTHe, COLMANbHBIN MPO2PECC, «COBPeMEH-
HbIii» YesoBex.

Summary. Theoretical investigations concerning social and philosophical aspects of a new man in the new world are dis-

closed in this article. The formation of new peculiarities of a modern man in an information society. Revolutionary changes in
human psychology in conditions of social progress. The peculiarities of conscious- news openness is the readiness to changes
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which are being brought by new technological structure. The philosophically-anthropological paradigms of globalization are ex-
amined, considering her the kernel of the civilization going near continuity and succession. The world view prospects of change
of new man are shown under influence of the informatively-technological world, properties of dialectical contradiction and

cooperation are exposed in informative reform.

Key words: global world, new world, information explosion, information society, artificial intelligence, alienated society,

computerization, self-development, social progress, modern man.

Hoc'raﬂomca npo6aemu. I'1obasrisaitiro JocaigxyBa-
JU, AK KJIIYOBY TEHAEHIIII0 JIIOJCHKOTO POSBUTKY
i7ii HOBi AAKOCTi. O6’€KTUBHUM HMiAXig po3TyIsamae rIoda-
Jisarito AK rI00aJIbHUE IpoIiec, 10 XapaKTepu3yeTh-
cdA AK MO3UTUBHUMU — CBiTOBUII PO3BUTOK PUHKOBOIL
€KOHOMIiKU, IOCUJIEHHA MisKHAPOJHOTO IOy ITpari,
MO PEeHHA JTibepaJTbHUX I[IHHOCTEH, JeMOKpAaTii, Tak
i 3BHAUHMMUY HeTaTUBHUMU O3HAKaMU, a caMe: IocJja-
O0JIeHHAM KYJIbTYPHOTO PO3MAITTA Ta 3POCTAHHSIM CBi-
TOBOI OMHOTUNHOCTI, IMOAAJBININM 3BYXKEHHAM POJIi
KpaiH 110 PO3BUBAETHCA.

AmHaJji3 ocTaHHiX mocaimskeHpb i myomikaii. Haiti-
OibIIT BiJOMUMY aBTOPAMY TI00AIi3aIliHHOTO PO3BUT-
Ky, Ha JYMKU AKUX IIOCUJIAJIACA B I[il CTATTi € HACTYIIHI
Bueni: [I. Bexnn, B. Baxi, . Tim6epren, [I. Menoysa,
1. @oppectep, K. Ome, P. PoGepTcon, A. ITanapis,
. A. Tpimunosa, JI. E. I'pikiu, . Tpy6inux, P. M. Ko-
JicHIUYeHKO.

ins crarTi. [TonTyK KOHITENTYaJbHOI TIEPCIIeKTUBH,
SAK OHTOJIOTiIYHE MiATIPYHTSA JJIS TOCJiI3KEeHH ITPUCTO-
CYBaHHS «HOBOI JIIOAWHU B HOBOMY CBiTi». OcMmucieH-
HA TUHAMIKW MOpPaJIbHUX imeatiB y ijiocopcbKOMy
MICJIeHHI.

Buraan ocHoBHOTO MaTtepiaay. OnHa 3 TOJTOBHUX
TeHIeHIIi cyJyacHOl HAayKOBOI IYMKU € BUBHAUCHHS
mipu indopmariinoro oominy i ii BIuBy Ha comiaib-
HU# PO3BUTOK CYCITiJIHLCTBA. 3’ IBUBCA OJUH 3 HAMOiIbIIT
iHTEHCUBHUX HANIPAMKIB JOCJIiI;KeHHA COI[iaJbHO-
eKOHOMIUHUX i MisKHAPOAHUX BiJHOCHUH — TJiobaJric-
Tuka. ['JiobamicTrKa — Iie cydyacHa, caMOCTiliHa Trajaysb
HaYKU IIPO 3araJibHi, IJIaHeTapHi Ipo06JieMy HUHITITHBOT'O
1 MaiibyTHHLOTO PO3BUTKY JIOACHKOI IMuBimisarii, ii
HOJIITUYHY, EKOHOMIUHY i coIiaJibHY OpraHisaIriio aK
enmHOTrO 1igoro [4, c. 55—56]. Bci memkanIti BeecBiTy,
He3aJIe;KHO BiJl eTHIYHUX BigMiHHOCTE!, IPUETHAHI
0 OMHUX i TUX Ke mKxepe iHdpopmarliii, 06’eKTUBHO
CTAIOTh yUYaCHUKAMU TJI00aisarii.

B kinmi XX crouriTTsa 3i 3MiHOIO BaIOTHO-(iHAHCOBOL
CHUCTEMU, 3 IIOUATKOM aKTUBHOTO PO3IOBCIOIKEHHA
irgopmarnii, po3BUTKOM TeXHOJIOTII i KOMyHIiKaIil,
ryiobasrisaria crajsa HEMUHYYHUM y BCixX cdepax KUT-
Ta coriymy. Hai6inbin BitoMmuMu aBTopaMu KOHIIE-
it rmobasisarifinoro po3BUTKY € HactymHi: [1. Bemn,
B. Bani, 1. Timbepres, [I. Menoysa, II. @oppecrep,
K. Owme, P. Po6eprcon, A. ITanapiu, . A. I'pimuiosa,
JI.E. I'pikin, . Tpy6imuw Ta inmri. Bueni nasusanu e
nepion AK «HOBUU eTall IePeiIy CBITY», «eKOHOMiIUHA
peBoIOLifA» . «iH(pOpMaliiina pehopmar i 1.1, Hacaigku
SIBUTIA TJI00aJTi3aIlii BUSHMMY PO3TJISIIAI0ThCA KJIACUYHO
Yy IBOX HampAMax: IIO3UTUBHI, TaK i HeraTUBHIi.

B mporieci 3mMiH cydacHOTO CBiTY TPOBIAHUM UMHHM-
KOM € riobasizarisa, AKka Mae BeJIMKUI BILJIUB HA €KO-
HOMIiUHY cepy, B o06aacTi KyabTypu. Ileit BcecBiTHI
IpoIlec Ma€ He TiIbKMW TEOPEeTUYHe, aJie i, mepeBakHO,
npakTuyHe 3HaUueHHA. OCHOBHMMU BJIACTUBOCTSAMH TJIO-
basisarrii € cuHKpeTU3M, iHAMBiAyaTisaM, mI0OpaIiam,
pisHOMAHITTA, AMHAMI3M Ta iH.

Ha mouatky XXI cTOJIITTA, MU CTAJIN CBiIKAMU €I10-
XaJbHOI IoAil yciel ¢BiTOBOI CHiNIBHOTH, KA XapaKTepu-
3yeThbCA YHIKAJIbHUM 30iTOM i mepemnieTiHHAM BeTuues-
HUX 3a 3HAUEHHAM I0AiH u nporecis. B pesyabraTi mux
MOAi#, MU MOJK€EMO CIIOCTePiraTy BeJIMKe I10JIe HAaIPYTH,
yepes sIKe BIIEBHEHO MOYKEeMO Ha3BaTU CbOTOMHITITHI T
JIeHb, KJIFOYOBUM YaCOM 3MiH OCHOB ITPUCTOCYBaHHA IO
KuTTA. [Ipo 3aBepIrieHHA [[HOTO iICTOPUYHOTO CTOJIIT-
TS i BCTYII MOJIEPHOTO CBIiTY Y HOBY CTail0 PO3BUTKY
cBifuaTh TIMOOK1 3MiHU B HEOIOJTITUYHUX CTPYKTYpax
CBiTOBOTO CyCIiJIBCTBA.

BcemnanerapHa muBiJisamid BcTyIiae B HOBUY eTan
HOYaTKYy €QHOCTI ¢cBiTOBOrO cycmisbecTBa. ['osroBHIMM
IIposgBaMU, IKOTO € AuBepcudikarii i pisEomaHiTTa
eTHOCY, COIliyMy, HaIlioHaJbHOCTi. Apiopi, KamKy-
YU IIPO CYyYacHUM CBiT, HAIITY yBary IpuBepTae Te, AK
KOHTHUHYYM SAKiCHO BXOJIUTHL B HOBY CTAJil0 CBOT'O Bif-
POIKeHHdA, B IIepion iH(popMaIiiHOTO CyCcHiabCcTBA.
CyuacHUI CBiT MOMTUPIOETHCS He TiIbKY Ha MO TUUHY,
coIliaJbHy, EKOHOMIUHY CUCTEMU, € 1 HOBi cpepu cyc-
OiJIBHOTO JKUTTHA, 1 BAXKJINBE MiCIle cepel HUX 3aiiMae
came iH(opmartiiina cucrema. BoHa BucTyImae B AK0OCTL
iHCTPYMEHTY BILIMBY Ha cy4dacHy ayauTopiio. KomyHi-
KallifiHa cucTeMa cTajla OCHOBHOIO B YITPABJIIHHI MidK-
HaIliOHAJILHUMY, MiKHAPDOIHUMU, Mi3KOCOOMCTICHUMU
BimHocmHamu. BoHa BucTynmae ocHOBHUM (paKTOPOM
pesyabTaTuBHOCTI 0yAb-aAKoi aii. M. I1. Beprenbcon
B CBOIX IIpanAax IiKpecJoBaB, 110 iH(opmaIliituo-
KOMYHiKaTUBHUY IIPOCTIP € OJHOIO 3 OCHOBHUX IIPO0JIeM
cyuacHoro cBiTy. Taka MisKKyJIbTypHA KOMYHIiKaIia
AKTHUBHO BUMATAa€ TBOPEHHA CBOTO «fI», 30/IMIKy€e Ha-
nioHasabHi Tpanuilii, KAaHOHU, 3BUYAal, MEHTAJbHICTh
OKpeMuX HapoxiB i Haii#i [1, c. 48—60].

CyuacHa muBiiisaria GpyHIaMeHTaJIbHO 3MiHUIA
inopmaniitue nose. Iei mpocTip moranbIr0e HAYKOBO-
TeXHIUHY PEBOJIIOIIII0 i BKJIIOUYAE HOBY JIOJAUHY Y IIPO-
deciliny miAabHiCTH, TOB’A3YIOUU KYJIbTYPY B €IUHY
CHCTEMY, AKAa € BUXiTHUM pPe3yJabTaTOM HayKOBOTO
aHaJIi3y, JO3BOJISE JIOANHI BU3HAUATHCSA B CBiTi i B c00i.
HayxoBa in(hopmaIiisa € o0CHOBHIM pecypCcoOM OTPUMAHHSA
3HaHb, AKi BUKOPUCTOBYIOTH B YCixX c(hepax KUTTA.

Hosa epa remepye HOBY BJIaCTUBiCTH HOBOI JIIOM-
HH. 30iJIbIIMYyEThCS BIJIUB 0COOMCTOI aKTUBHOCTI Ha
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colriaabpHY chepy CyCIiJIbCTBA, 1 I[A aKTUBHICTH CTa€E
imeHTHYHOO i 3arajabpHOI0. CyuacHa 0COOMCTICTH B CO-
miymi, 3aB:KAU IparHe IpuBepTaTH 00 cede ysary. Co-
miajpHa MOBeiHKA iHAMBiIA cTae, TEBHOIO MipoIo,
0iIBIIT paIlioHAIbHOIO, COIiaJIbHI POJIi YCBifOMIEHUMH
i pisaromamiTHUMU. BigOyBaeThca meBHE yCBiJOMIIEH-
HA BJacHO] corianbHOl epekTBHOCTI. Takum umHOM,
B JIIOACHKIil IICMXO0JIOTii, CBITOT AN, HABITh ¥ COIliaIbHINA
TOBeiHIli BifOyBaeThCcsa PeBOJIOIiHHUI ITIePeBOPOT,
AKOMY HEMOXKJINBO 3aI00irTH.

Indopmarnifine cycnisbcTBO BUMarae BiJi HOBOI
JIOOUHY TepeBTitoBaTucA. CBiT He 3MiHIOETHCA €K-
BUCTEHI[INTHO, aJie TEMIIY 3MiH iHAMBila TPUCKOPIOIOTHCA
HAA3BUYANHO IITBUIKO, 0€3IePEePBHO MEPEPOIKYETHCA
BiHOIIIEHHA JIOAUHY i coriymy. PaKTopom ycoixy
TMOBWHHA CTaTU I'POMAaJicbKa ITMBiIisaIia i ocoducTicHe
YIOCKOHAJIEHHA MOpPaIbHUX pecypciB. ChorogHi ocBiue-
HIiCTH — Ile BaXKJIMBUY i OCHOBHUY (paKTOD COIliaabHOI
e(eKTUBHOCTI, COIliaabHOI MOOGIIBLHOCTI B MaltOyTHHO-
my. BimmoBigHo, mpiopuTeTomM Mool MTOBUHHA Oy TH
TPaMOTHICTD U OCBiUeHiCTE.

CaiT OesnepepBHO MOIEPHi3YEThCA, a CYCIiIbHA CBiT0-
MiCTh HE MOYKe « PO3IIIUPIOBATI» CBOI KOPJIOHU, BUCTYTIA-~
I0YM B «CTAPUX PaMKaX». ¥ 3B’ABKY 3 ITUM 3’ ABJIAETHCA
6araro mpobsieM. BiracTuBicTio BiZKpUTOCTI MUCIeHHA
€ YCBiIOMJIEHHS TOI0, III0 Bifl0yBaeThCs y BCECBiTi i 1110
Hece HOBY iH(opMaIliiHy peBOJIIOI[if0. ¥ HOBi emmoci
e(DEeKTUBHO JKUTU 3MOKe TLIbKY IITUPOKO OCBiUeHa JIT0-
OUHa, i TOMY JIIOJICTBO IIOBUHHO OYTH I'OTOBUM IO ITUX
3min. CyuacHa J0gnHa IOBUHHA HECKiHUeHHO Y/I0CKO-
HAaJIIOBATHU CBOI 3HAHHA Ta BMiHHSA, 3aliMaTHCh CAMOOCBI-
TOI0, BOJIOAITH PiBHOOIUHICTIO iHTEIEKTY. AKTYaIbLHOIO
mpo6JIeMOI0 CAaMOOCBiTH B iH(OpMAIiTHOMY ITPOCTOPI, €
IocTyI o indopmarii, BMiHHA nparioBaTu 3 Heto. [Hdop-
MaIlliffHe CyCHLIbCTBO € CYyCIiIbCTBOM 3HAaHB — II€ ITPOIIEC
TpaHcAANil maTepiany B HaBuuKu. MomepHidoBaHUHA
coIiyM oTpedye IOCTiHHOTO POBIITUPEHHA K0JIa 3HAHb.
Aute i BapTO po3ymiTu, 1110 CHOTOIHI OTPUMAaHi 3HAHHS,
3 IIJIMHOM Yacy CTaHyTh He aKTyaJbHUMU, Hee(eKTuB-
HuMU. X X] CTOIITTSA — IEepPeBTLIIOETHCA CBIT i TIOAUHA.
BinbyBaroThcsa HOBI eTUHI 3MiHU — (OPMYETHCA €TU-
Ka cormiaysbHOl Mepe:ki. I saraabHe 06’eHaHHS OCBiTH
3 IPaKTUYHO-HAYKOBUM migxomom. Bei i gzuBepcudi-
Karii MoyKHa igeasridyBaTu AK collialbHUN IPOTrpec,
€KOHOMiUHa camMmopeaJisallia BUMarae Biff KO?KHOTO 3 HaC
BIATIOBiZaILHOTO BUOOPY *KUTTEBOTO IILIAXY, BUMATrae
BUBHAYUTH CBOE MicCIle, BHAUCHHS B JKIUTTI.

JI. E. 'pukuH B CBOIX Ipalax OPUIIJIUB yBary Ha-
CTYIIHNM MOMEHTAM: TaKi 3MiHM B 0araTboxX BHUIIaAKaX
BOMBAIOTH HAI[IOHAJIBbHY eKOHOMIKY, TOPOIKYIOTh Be-
JUKY KOHKYPEHI[i10 MiK COIliaibHOO cTpaTu(iKaIiiero.
Bxasgas, 1110 rarobasisaiiia gyske cepiio3HO BILJIMBAE Ha
€KOCHCTEMY CBiTY i HepaljioHa/JIbHEe BUKOPUCTAaHHA
TPUPOSHUX PECYPCiB MOKe 3aBAATH BeJIUUE3HOI IITKOIN
BceecsiTy [2, c. 6-31].

MinnuBuii CBiT CHOTOHI HAMATAETHCSA CTBOPUTU HOBE
CyCHiIbCTBO aJd HoBOI JioguHu. X X1 cTomiTTsa 31 cBOIM
TPUXOIOM Yy BCiX COIliaTbHUX iHCTUTYTaX: HE TLIBKHU B I10-
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JITUYHIN 1 eKOHOMIUHIT ajie 1 B COIiaIbHIN Ta B KYJIbTYP-
Hili cdepi — norpebye 3min. CyuacHuii rirobarizoBanmit
CBiT, TiAXOAUTH OO BUINOI TOYKY HAYKOBO-TeXHIUYHOTO
mporpecy. ComianbHi Mepesxi, MoGiTbHI iHTepHeT ILIaT-
¢opmu, mucTaHITiTHE CIIIKYBaHHA, HEMOB ITPU3BOAUTH
IO XOJIOAHOTO BiTUyKeHHSA COI[iyMy, TUM CAMUM IIOTip-
ITy€e B3aEMOBifHOCHHN. BCecBiT HEMOB IIPOYKUBAE EIIOXY
«MOHOJIOTY » . SIKIII0 MUHYJIE CTOPiUYSA IIPOIIaryBajo TaKi
imeoJtorii AK iHTepHalioHamidM, 00’ € THAHHS, COIigap-
HICTBb, TO CHOTOMHI ITi TOHATTSA CIPUUMAIOTHCA AK «I1a-
¢oc» [MuraamiuHi 3MiHM B HAYIIi, B KYJIbTYPi, B CYCIIiJIb-
CTBi, HaBiTh B 0COOMCTOMY JKUTTi 30008’ A3YIOThH JIOAUHY
3Ba’KyBATH CBOE MUHYJIE Ta MAaOyTHE I11e pas. « X0J0IHA»
BiifHa mOCTYII0BO OXOILTIOE TL1aHeTy. [loaBitiHi momiTraHL
CTaHIapTU, BiICYTHICTb KYJIbTYPHU TOJIEPAHTHOCTI, a Ta-
KOk pisHi (h0o06ii BiAIIITOBXYIOTE JIT0/Iet OJUH BiJl OTHOTO
y cBiTi. I1i Bci 3MiHMT € HACTIAKOM HAAMiPHOTO PO3BUTKY
Ta PO3MOBCIOIYKEHHA KOMII I0Tepr3arii.

¥ sBiti 2018 «Global Digital report», ony6aikoBamo
crireHO 3 Kommauiamu « We Are Social Litd» i «Hootsuite
Inc» crarTio, B Kiii moBiJoMJIeHO: «3arajabHe YHCJIO0
iHTepHeT-KOpUCTyBauiB gocArio 4,021 mapna. gonei,
a60 53% wnaceserns 3emti. B mopiBasauni 3 2008 mHa 43%
oinmpire, a 3 2017-26% . Maiixe 93% 3 HUX BUXOLATH
B Meperki ¢ MOOiIbHUX MIPUCTPOIB. A AKIIO CKJIACTH BCi
TOIWHU, KOJIY JIIOAY 3BHAXOAATHCA «OHJIAMH » , BUHE, 110
B 2018 porri srocTBO TIpOBesie B Mepeski 1 MIIpA. pOKiB».
ITepIronpuUYMHOIO BUIIECKA3aHOTO € POIIIUPEHHS KoJia
BUKOPUCTAHHSA «JIIOIUHU-POO0Ta» , KEPOBAHE IIITYUYHUM
inTemexTom. B medinuri, BigmoBigHo, 6yme inguBimy-
ajbHA, KpeaTuBHA, aBTOPChbKa mparid [3].

Kynu mu pyxaemocs? Io uoro Hac 11e mpuBenie? AHa-
JIi3yI0ouu Bee Te, 1110 BiJ0yBa€eThCA, aBTOP BBAXKAE, IT10 ChO-
TOIHI KOXKHOMY TOTPiOHO O0OPOTHMCSA 3a BUMKMBAHHS, MOBa
#ife Ipo mpocyBaHHA 6i3Hecy, PO MPOIeC BUTOTOBIEHHS
AKicHOI MpoAyKIlii Ta peasnisarii, mpo xap’epy. Takum
YMHOM, iHAWBiAyaJIbHEe TPOTUCTOITH II00AJIHLHOMY, OCO-
OrcTicHe — KOJIEKTUBHOMY, iX 3JIUTTA i CIIiBiCHyBaHHA
i Mae gaTy CUHEPTIIO COIliaJIbHOTO, EKOHOMIYHOTO PO3-
BUTKY. Mu HaBiTh mepecTanm nmoMmiyaTu, K coriajibHa
130JIbOBaHICTH, AECTPYKI[iA MOCTYIIOBO OXOILJIIOE HAIIIE
SKUTTA. SMYIITYIOUN HAC BECh UaC BCTYIIATH B KOHKYPEHTHY
60poTHOY 3a IepIIie Miclie, 3a JiIepcTBO, IpU OaHATLHI I
3MiHi COIiaJIbHOTO CTaTyCy HaJ HAMU CTOITh PUBUK Hee-
(dexTuBHOrO BU6OPY. BuOOPY. 3a mporuosamu MiskHa-
poxHoi oprauisartiii mparti, piBers 6e3pobiTTa y 2018 porri
B cBiTi OyB 192 Misnbitonu 6e3podiTHUX, e Maixe 6.2%
HaCeJIeHH IJIaHeTu. A B HAaWOIMKIOMY MaiOyTHEOMY
TMOKAa3HUKU OYAYTh JocATaTU OiJIBIT BUCOKUX ITUGP,
YeKaeMO MIMPOKY XBUIH0 6e3pobiTTsa. Ilin Hampyroro in-
(opmarttiiinux iHHOBAIIiH 1 TAaKMX (PAKTOPiB AK GiMHICTS,
OPUHUKEHHA JIOACHKOI T THOCT, HAIII BHYTPIITHI CBIT
3MYIIIEHO 3MiHIOETHCS, TATHE 32 COO00 3MiHM IIOTVISAiB
Ha CBiT Ta mepeocMucIeHHA IliHHOCTel . BHACTiTOK Ta-
KUX 3MiH, A5 TPUCTOCYBAHHSA 0 HOBOTO TJI00AIBHOTO
CBIiTY, JIIOJICTBO HE MOJKe 00ifiTrCh 6e3 TaKux (haxiBIiB
SIK CEKCOIIaTOJIOT, TICUXO0TEPAIIeBT, IICUX0JIOT, KOTPi Haue
TaHares CTOJIITTA. AIpKe BOHU JIMIIIE JIOKAJTHLHO MOMKYTh
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«BUPIIIyBaTH» : JiarHOCTYBaTN, KOHCYJIBTYBaTH, KOPU-
TyBaTH Ipo0JIeMU OKPEeMUX iHAUBiAIB UM rpym.

JIropcTBy XXI cTONMITTA 3aTrpOsKy€e yXOBHUH KOJIaIC,
KUY MiAIIITOBXYE HAC IO YCBiJOMJIEHHA, BUPOOJIEHH A
Ta IPUUHATTA 3axoAiB. Choromui MmomepHisalia pos-
TIA0AETHCA, AK IIEPEXiM BiJi HAIiOHAABHOI KYJIBTYPH.
Ko:xua HOBa eKOHOMiIUHA popMallisa, POPMYeEThCI Ha
OCHOBi KOHKPETHOI KyJbTYPHOI MOPAJIbHOI AKOCTi: Ime-
peBasKaHHA MOYYTTA MYKHOCTI — XapaKTepHa puca JJid
JIPEeBHBOI eI0XH, TOOPOTA Ta MUJIOCEPT — IJIA CepemHix
BiKiB, cBOOOMA i pOBCYIIMBiCTh BUBHAUAE OCHOBHI pucu
Hosoro uacy, sska gajia OoHTOJIOTiYHY HifICTABY JIIOOWHI
BoJIoAiTH cBiTOM. B mamuii uac, IiaHeTy He 3aJIMINAIOTD
OesmepepBHi AMHaAMiUHi 3MiHUT, Ta HEOOXiAHICTD yCBimOM-
JIEHHSA PYXY MOPaJIbHUX i/leajliB CTBOPIOE HEMUHYUYICTH
y inmocodchbKUX po3ayMax HayKOBOTO KOJIa.

ABTOp BBasKae, 110 CIINPAIOYNCH Ha BUIIleCKa3aHe
HaM CTae 3po3yMinuii Toi pakT, mio Gpisocod HOBOTO
Yacy Ma€ MOKJUKAHHSA JOCJIiTHUKA CBITOTJIAHOIL IIep-
CIIEeKTUBU, BiIKPUBAIOUYN HAM HOBIi OTOJIOTiUHI mificTaBu
IS IPUCTOCYBAHHSA «HOBOI OCOOMCTOCTi» B « HOBOMY »
HecTabiIbHOMY CBiTi. ¥ 3B’ A3KY 3 IJI00aIbHUMY 3MiHAMU
B cottiymi, (pisocod 1poro yacy moBMHEH BUCTYIATH AK
MOZiepaTop B3a€MO3B’ A3KY PisHUX KyabTyp. IlocTiHgy-
cTpianbHUY cBiTOrIAL (DOPMY€E HOBUU TUII KYJIBTYPHU.
I pysrmisamu ¢dimocoda 3apas € He TIIBKY IiATPUMEKA
30JI0TO1 CEPENHM MijK CBITOTJIAaMU iCHYIOUNX TOBA-
PUCTB, a TAKOK IIEPEXiITHNMU CTAHAMHU MiK 3MiHIOIOYU-
MU OOUWH OJHOTO iCTOPUYHUMU TUIIAMU KYJIbTYp. MoBa
#ie Ipo B3a€EMOBITHOCMHM, MidK iCHYIOUNMU KYJIbTypaMu
Ta KyJIbTYPOIO, TKa IOBUHHA icHyBaTH. AMepUKaHChKUHA
coriosior II. Besn BinsHauas, 1110 CHOTOIHI B KOHITETIITi1
KYJbTYPU BJIACTUBUI CUHKpPETU3M. [Jiobarisaiiisa ax
IIPOIieC He MOYKJINBA, IKIIO CYCITiILCTBO He OyIe moka-
3yBaTHU TOJEPAHTHICTH IO IHIIUX KyJAbTYDP. Jocaimxyio-
U1 Ipo0JieMy IPUXOIUMO IO BUCHOBKY, 1110 OCHOBHUM
XapaKTepoOM Cy4YacCHOTO CYCHiJIbCTBA € JOMiHYBaHHA
MYJbTUKYJbTYpaaisMy. BusHanua HOpPM IiHHOCTEH
iHIMUX TPy, YCBiJOMJIEHHA BiJJHOCHOTO XapaKTepy
BJIACHOI KYJBTYPHU Ta BMiHHS KOHTPOJIIOBATHU cebe i €
HeoOXimHa yMoBa I po3BUTKY [1, ¢. 9—12].

Kpusa € sakomoMipHUM i 000B’ A3KOBUM €TAIIOM
B PO3BUTKY OYIb-aKO0I KyJAbTypu. B ramobanizoBano-
MY CYCHiJIbCTBi JIIOMMHA 3HAXOAUTHCA B IPOMIiKKY,
y axoMy (DOPMYIOThCA HOBI MiHHOCTi. BHACHiMOK yoTro,
Y Kpu30BUX 00CTaBUHAX BUHUKAIOTH GaKTOpU, AKi
IPU3BOJATH 10 PEKOHCTPYKILiI IToTIepeIHBOI KYJIbTYPH.
«HoBa KyabpTypa» B HOBOMY CBiTi aKTHMBHO BILJIUBA€E HA
cyuacHy JiroguHy. I[lepeocmucaooum MopaabHi i 1y-
XOBHI ITiHHOCTI, 3BUUal. «Po3ym» mpoxonuTs Bei rpaHi
PO3BUTKY i mocsarae, iHoAi, caMo3HUIIeHHA. B Takomy
HecTabiTbHOMY i CTPIMKOMY PO3BUTKY V TOJTOBHUX
chepax, MabyTh, iCTOPiA JITOICTBA He BHAXOAMIACD, ITTO
(opMye HOBi BUKJIMKY Ta Oe3IpereleHTHY BiAmoBigaab-
HicTh cyuacHUX Ta MaibyTHiX eniT. Hembase craBieHHA
IO TYXOBHUX IIIHHOCTEN MOYKe MaTu KaTacTpodiuHi
HacaigKu. ABTOpH, AKi ZOCTiIKyBaJIu CUCTEMY TJIO-
baJmisariii, BKasaJu, 1110 3MiHM MPAKTUYHO IMOIiAIN Ha

Bci acmexkTu moBeAiHKU Jgioauuu. A. [lanapia B cBoix
IpaIsax BKasas, II0 TJI00aisaliisa — I1e mpoiiec ocja-
OJIeHHSA PerioHATbHUX, TPAAUITITHO COMIOKYIbTYPHUX
TIEPEITKO/], BiIOKPEMJIIOIOUMI HAPOAU OAUH BiJl OHOTO,
AK CTAaHOBJEHHS HOBOI cucTeMu B3aemofii [6, c. 216].

Harmra gymKa, AKa IPyHTYETHCA HA HAYKOBOMY JIC-
Kypci BueHUX-rob6aicTiB, Hacupasi riaobasrisaiisa
He 3alepeuye iCHyIUy KYJAbTYPY, HE IPUMYIIIYE JIFO-
IVHY BiITMOBJIATHUCH BiJl CBOIX €THIUHUX i KYJIBTYPHUX
IiHHOCTEe!, a HaBIaKW CTaBUTH 3aBIaHHA (hopMyBaTHu
HOBY iH(popMaiiHy TEXHOJOTiIO0 Ta PO3IIOBCIOIKY -
BaTH IO BCbOMY BCECBiTy. 3 TOUKU 30py €eKOHOMICTiB,
indopMmaiiini TexHOJIOriI € HAYKOBUM TOBapoOM, AKUH
HaJeXaTuMe BCbOMY TJI00aJIbHOMY COIiyMY.

Omxe, 3aBIaHHA (iocoda OCMUCIUTH CyUaCH] TJ10-
OaJIbHI TIpoIiecu, 3HANTHY iX eMITipuyHe BUABJIEHHS Y CY-
cIisibeTBi. BaraTorpanHuil IIOACHKUIN JOCBi T, TPUAOAHMII
3a BeCh 4ac COIiaTbHOTO IIPOT'PECy, BKA3ye Ha Te, 1o (hiio-
codiro IiKaBWJIA TUIBKY CBOA POJIb, B AKOCTI YCBiIOMJIEHHA
SKUTTEBOTO HATIPAMKY JIOAUHHU, i CBITOTIALY, 3B’ A3KY
3 OTOYYIOUMMMU JIFOAbMHU, caMOOITiHIli. [loKkopiHHa 3MiHa
MJIaHiB i Iiyiel JiAIbHOCTI ITepexisT 10 HOBOT'O TUITY ITUBIi-
JTi3aliitHOTO PO3BUTKY, B KiHIli XX Ha mouaTKky X XI cTo-
JITTS c(h)OpMYyBaB TaKMU MOCTyJIaT: «JIfomHa 11e OCHOBHA
pyxatoua cuia, abCOJIOTHA ITiHHICTh, BUX1AHUHI Pe3yIbTaT
PpoboTH coItiaIbHOTO Iporpecy » . JJId oCTiKeH I pisHIX
acIeKTiB 1iei mpobaemu O6yJiu MpoBeeHI MisKKOHTUHEH-
TaJIbHI KOHTPEeCH, KOHCUJIiyMH, a TAKOK PisHi KoH(pepeH-
mii. PaxiBri imocoChKMX, EKOHOMIYHUX i TOJIITUYHIX
cep MaroTh CILIBHY TOUKY 30PY AJI PillIeHHA HaraJIbHOL
mpobsieMr. AKTUBHO PYXJUBUI PO3BUTOK i 3aTaIbHOB-
CTaHOBJIeH] HOBI iH(hopMaIitiHi TeXHOJIOTil 3aCBOIOIOTH
xXapakTep ryiodasbHO-iH(popMarriiiioi pedopmu. Criramgai
TEXHOJIOTi1 HAa ChOTOIHI 3aiMat0Th I'0JIOBHE MicCIle Y PyHK-
I[iOHyBaHHi CyCITILILCTBA, a caMe MuGPOBUi CBiT HabaraTo
CIIPOIITY€ HAIIIe JKUTT. AHATIBYIOUN JUHAMIUHUI IIPOTpec
y cBiTi IT, nporpamictu € peromenom XXI cromiTta. Bo-
Jioftapi Iiel cueliaJbHOCTI MOMKYTh IEPECTPOITH PEATTBHY
mpobJieMy B HOBUII IIPOTPAMHUM KO 3aBIAHHAM HOBOL
JIIONUHMY 1 € CIPUUHATTA IUX IPOTPAMHUX 3HAHD.

BucuoBok. B ganiii craTTi 3mificHeHo cipo0y pos-
KPUTH, OKPECIUTH coIlliaabHO-(pisocodchbKi acrieKTU
HAYKOBOI IPO0JIeMH, a TAKOXK MOAAJIBIITNI PO3BUTOK
ruiobastisatii B mocTiHAycTpiasbHOMY, iHQOpMAIifHO-
My cycninbeTBi. OOTrpaHKyBaHO OHTOJIOTIUHI micTaBU
MoepHisarii ;yia mpucToCyBaHHA «HOBOI» 0COOMCTOCTL
B HOBOMY HecTabinbHOMY cBiTi. [lokasamo cBiTorIsam-
Hi IepCneKTUBU 3MiHU HOBOI JIOAWHUA IIiJ BILJINBOM
iH(popManiiHO-TeXHOJOTIYHOI'0 CBiTY, PO3KPUTO BJIa-
CTUBOCTI AiaJIeKTUUYHOI'O IIPOTUPiYUsA Ta B3a€EMOJII B iH-
dopmanitiniit pedopmi. Mu gifinman BUCHOBKY, II10
B IIpoIteci MogepHisarlii inTeHCcU(iKyeTHCA 0OMiH TyMOK,
MOPAJIbHUX — MYXOBHUX ITIHHOCTEH, KYJIBTYPH, 3POCTAE
piBeHB cBOOGOIM OCOOMCTOCTI, iHTEJIEKTY, CAMOOCBITH.
I Bci BuIte o3HaueHi AKOCTI JOIIOMOXKYTDH HOBill IIOAWHI
IIBUAIIIE aHATITYBATHUCh B IIpoIieci rirobasisarmii. @ak-
TOPOM YCITiXy IIOBUHHA CTATH I'POMaJiChbKa IIUBiIisalia
Ta 0COOMCTiCHE YIOCKOHAJIEHHA MOPAJbHUX PEeCypCiB.
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AMHI

3ACTOCYBAHHS EIEKTPOHHUX HABYAJIbHUX PECYPCIB
K 3ACOBY MIJABUILLEHHA MOTUBALIIT TA AKTUBHOCTI
CTYJEHTIB B MPOLLECI BUBYEHHS BULLOT MATEMATUKU

NCMOJIb30BAHUE 3JIEKTPOHHbIX YYEBHbIX PECYPCOB
KAK CIOCOBA MOBbIWWEHUA MOTUBALUN N AKTUBHOCTH
CTYAEHTOB B NMPOLECCE U3YUYEHUS BbICILIEA MATEMATUKMU

USE OF ELECTRONIC EDUCATIONAL RESOURCES
AS A METHOD OF IMPROVING MOTIVATION AND ACTIVITY
OF STUDENTS THE PROCESS OF STUDYING HIGH MATHEMATICS

AHoTauis. [JocigxeHo 3aCTOCYBAHHS e1eKTPOHHNX HABYAIbHUX PeCypCiB sk 3acoy nigBuLLeHHs MOTUBALT Ta AKTUBHOCTI
CTYQeHTIB B MpoLieci BUBYEHHS] MATeMATUKMN.
Knio4oBi cnoBa: MoTuBaLis HABYANBHOI Gisi/ILHOCTI, €1eKTPOHHI Pecypci HaBYAHHS, CUCTeMU KOMITIOTEPHOI MaTeMaTukm.

AHHOTAUMA. VICCJ’IEgOBGHO MCroJ/1b30BAaHNe 3/1eKTPOHHbIX yqeﬁHbIX pPecypcoB Kak CpeqcTBa MoBblILLIeHns MoTuBaLmnm n ak-
TUBHOCTM CTYJEeHTOB B rnpoLecce n3y4eHnsa MateMaTtnKku.

KnioyeBble cioBa: MotuBaLms yLIe6HOl;1 geAaTe/ibHOCTH, 3/1eKTPOHHbIE peCypCbl O6y‘-I€HI/Iﬂ, cncrembl KOMﬂbiOTepHOl;I mare-
MATUKN.

Summary. The use of electronic educational resources as a means of increasing students” motivation and activity in the
process of studying mathematics is investigated.
Key words: motivation for educational activities, electronic learning resources, computer mathematics systems.

quacni TeHIeHIIi] CBiIUaTh Ipo PyX I0 GopMyBaHHS 3 ypaxyBaHHAM MoskJauBocTeidl IKT. 3a ocTanHi poknu
ir(opmarifiHoro cycuijbcTBa B YKpaiHi, 10 3y-  3iMCHMJIOCA YMMAJIO 3MiH MO0 BIIPOBAKEHH i ehek-
MOBJIIO€ HEOOXiTHICTh MOCTIHOTO MiABUINIEHHA e(peK- THBHOTO BUKOPUCTAHHSI HOBUX OCBiTHIX TeXHOJIOTiH Ha
TUBHOCTI 3aCTOCYBAaHHSA HOBITHIX €JIEKTPOHHUX PECYP-  OCHOBIi iH(opMaIiiHO-KOMYHIKAI[iHHUX TeXHOJIOTiH.
CiB B OCBiTHIi# rasysi, CBOE4UaCHOTO OHOBJIEHHS 3MiCTY OcuoBHUMU HanpAMKamu 3actocyBauua IKT B oc-
OCBiTU Ta MiABUIMIEHHA AKOCTI MiATOTOBKY (paxXxiBIliB  BITHBOMY IIPOCTOPI € BIPOBAAKEHHA iHAWBIAyaIbHOTO
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migxomy Mo opraHisarii HaBUYaHHA CTYIEHTIB uepes
CTBOPEHHSA HAaBYAJIbHO-METOAUUYHOTO 3a0e3meuyeHHA
i cucTemMu KOHCYJIbTYBaHHSA CTYAEHTIB, IO CIIPUIE MO-
THUBAI[IAHY CKJIAJOBY iX HABUAHHS.

Jlo OCHOBHUX €JIEKTPOHHUX PECYPCiB, AKi BUKO-
PHCTOBYIOTH BUKJIaJAavi B CBOill poOOTi € MeperxkHi Ta
MOOiIbHI TeXHOJIOTII, AKi BUKOPUCTOBYIOTH HE TIIBKU
Ipu Po3B’A3aHHI TBOPUMX HABUAJIBLHUX 3a7a4, aje i AK
TpeHaKepu, KOHTPOJIIOIOUi 3ac001, OCHOBY CTBOPEHHSA
iHTepaKTUBHUX HABUAJIHHO-METOAUYHUX KOMILIEKCiB.
JloBinKOBI mrepesia HaAiJIeHI OCHOBHUMY AUTAKTIY-
HUMU AKOCTAMU: aBTOMaTUYHICTIO Ta JOCTYIIHICTIO
amicty. Enexkrponna 6i6rioTexa € 3acobom 1Jist 36epe-
JKEeHHS Ta BUKOPUCTAHHSA eJJeKTPOHHUX JOKYMEHTIB,
3a0e31euy0UN BUCOKUH PiBeHD Ta AKiCTh iH(opMarrii.
Kowmm’oTepHi Mozesi, KOHCTPYKTOPH i TpeHAKEPU 103~
BOJIAIOTH CTYIeHTOB1 caMOCTifiHO 3aKpinuTy OTpUMaHi
Ha 3aHATTI HABUYKU Ta BMiHHS.

IlokpamuTy 3aCBOEHHA MaTepiaay Ta MepeBipry
3HAHb JO3BOJIAIOTH CUCTEMHU IMiATPUMKM HaBUAHHSA
(CITH) ABIAIOTH cO00I0 MOOIIBHI MOAYIi AJIA HaBUaH-
HS BUINOI MaTeMaTUKU, 10 MOKYTh OyTH iHTerpoBaHi
B CHCTEMY AUCTAHI[ITHOTO HABUaHHA. ¥ CHUCTEMi BU-
101 OCBiTH JJ1s1 OpraHisallii mporecy HaBYaHHA BUIIO1
MaTeMaTUKYM BUKOPUCTOBYIOTH BLJILHO IO PIOBAHH]
mwraTGopMu AJA AUCTAHI[IHHOTO HaBUaHHA. [0 6iabIm
nomupoBaabaux CITH B YKpaiui BigmocsaTs: Moodle,
TrainingWare Class, Claroline LMS.

Cepep icuyrounx IKT Ta 3aco6iB HaBuaHHA HaliCIpU-
ATJIUBIIINMHA A peasisalii HaBuYaHHA BUIIINA MaTeMa-
THUIIi 32 3MiIIIAHOI0 MOEJLITIO € MOOGiIbHI iH(opMaliitHo-
KOMYHiKaIiui rexuosorii. CyuacHi cTyqeHTH MalOTh
moTpedy B poboTi 3 MOOGIIBHUMHY JOAAHKAMU, & TOMY
HaBYaJbHA MOTHBAIliA Oy/le CTPIMKO 3pOCTaTH AKIIO
HaBUAHHA MaTeMaTHIli Oyae 3aifiCHIOBATHChH 3a JOIIO-
MOT0I0 TOJaHKiB MOOiJTBHUX ITPUCTPOIB.

Mob6inbae maTemaTuuse cepegosurie (MMC) — Biz-
KpuTe MOAYyJIbHE MeperkHe Mo0OiabHe iH(opMaIiiino-
o0umcaoBaIbHE ITporpaMHe 3a0e3IeueH s, 1110 Hala€e
KOPUCTYBaYy MOKJIUBICTH MOOIJILHOTO JOCTYITY IO iH-
dopMaIifHIX pecypciB MaTeMaTUYHOIO i HABUYAJIBHOTO
TIPU3HAYEHHS, CTBOPIOIOYN YMOBH JIJISI OPTaHisallii TOBHOTO
MUKJIY HaBUaHHsA. ¥ nporeci pospooxu MMC 3 Buiroi
MaTeMaTUKU OCOOJMBY YBATY CJIiT IPUALIUTH BUOOPY
MaTeMaTUYHOT0 IaKeTy, 1110 cKiaazgae aapo MMC. I'omos-
HUMU KPUTEPiAMU BUOOPY MaTeMaTUUHOTO TaKeTy JJIA
no6yxoBu MMC 3 BUIIOi MaTEMATUKY €: POBIINPIOBAHICTD
(cucTema TOBMHHA HaJlaBaTU MOKJINBICTH KOPUCTYBavueBi
IOIIOBHIOBATH i1 JJ1sT 3aJ0BOJIEHHS TpodeciiiHmx moTpeb);
MOOGLTBHICTE TPOrpaMHOr0 3a6e3IIeYeHHA; MOKINBICTH
CTBOPEHHA IIPOT'PaM i3 CTAaHJAPTHUMU eJIEMEHTaMU YIIPaB-
JIiHHA — JEKI[ilHi feMoHcTpalii, fuaamiuai Mmozeri,
TPeHaKepy Ta HABYAJIbHI €KCIIEPTHI CUCTEMI; MOMKJIUBICTD
imTerpyBaTu y cebe pisHOMAaHiTHe TporpamMue 3abes3neue6H-
HA I HaBYaHHA MaTeMaTUKN; MiATPUMKA TEXHOJIOTI N
Wiki; mosxIuBicTE JIOKaTi3aLii Ta BiIbHE momupeHHs. K
MOOiTBHUE IpOTpaMHNI 3aci0 HABUaHHA BUIOL MaTeMa-
THKJ MOYKHA BUKOPHUCTOBYBaTU HOBY cuctemy MathPiper
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[3], 110 iHTerpye B cobi crucTeMy KOMII' IOTEPHOI ajire-
O0pu Yacas Ta cucremy auHaMiuHOI reomerpii GeoGebra.
MathPiper — 11e HOBa MaTeMaTUYHO-OPi€HTOBaHA MOBA
mporpaMyBaHHs, IKa, 3 OMHOT0 OOKY, TOBOJIi IpoCTa,
3 iHITTOr0 6OKY — MOBOJIi IOTY KHA, 11100 Oy TH KOPUCHOIO
IJ1 PO3B’ A3aHHS MIMPOKOT0 KJacy MaTeMaTUUYHUX Ta
imxeHepHUx 3amad (www.mathpiper.org). MathPiper
TaKO0K € CCTEMOIO KoM toTepHoi anredpu (CAS).

CucreMu KOMII IOTEPHOI MaTeMaTUKU — I1e CYKYII-
HiCcTb MeTOiB i 3ac00iB, 1110 3a0€3I1eUyI0Th MAKCHMAIbHO
KOM(OPTHY ¥ MIBUAKY HiATOTOBKY aJTOPUTMIB i ITpo-
TpaM IJ1d PO3B’sI3yBaHHSI MaTeMaTUYHUX 3aBIaHb Oy Ib-
SAKOI CKJIQHOCTI 3 BUCOKUM CTYIIEHEM BigyaJisarrii ycix
eTarriB po3B’A3yBaHHA.

Y nmepenBumux HaBUAJbHUX 3aKJagax ¥ KpalHu
y IIpoIleci HaBYaHHA BUIIOI MaTeMaTUKM HaluacTilme
BukopucToByioThca Taki CKM: Mathematica, Mathcad,
Maple, SmathStudio, GeoGebra, MathPiper, Sage,
DG, 1110 TOKpAaIlye misHaBaJbHUI iHTEpec, TOOTO aK-
THBY€E IIPOIleCU CTBOPEHHA BHYTPIITHBOI MOTHBAILil 10
BUBUYEHHA MaTeMaTUKMU.

Cucremu TecTyBaHHA. 3abe3MeUeHHA MiTOTOBKY (ha-
XiBITiB i3 Ba1aHOI0 AKiCTIO KBaJTi(hiKaI[il MOKJIUBO JIUIIIE
y CIlelliaJTbHO OPraHi30BaHiM IeJaroriyHii cucTeMi, AKa
MiCTUTB IPOTPECUBHI Iearoriufi TeXHOJIOril HaBUaHHS,
BUBYEHHS, OpraHisariil Ta yIpaBiHHA HaBYAJIbHUM
mporiecoM. I1i TexHOIOTIT MepeadavatOTh HEOOXiTHICTE
PO3POOKM He TLIbKYU crreru(ivHoi cucTeMu 3ac0o0iB i cImo-
co0iB ix mMoOymOBU Ta BIIPOBaMKEHHS, aje i KOHTPOJIb
pesyJIbTaTiB 3aCTOCYBaHHSA, TOOTO KOHTPOJIb SKOCTi HaB-
YaHHA, 1110 CIPUAE IMiATOTOBIN (DaxiBI[iB Ha yCixX eTamax Ta
cTyneHax ocBiTu. Posb Takol cucTeMu B Cy4aCHUX YMOBaX
BUKOHYE CHCTEeMAa TeCTYBAHHS, I110 € CITOCOO0M O/IePiKaHHA
BiloMocCTe Ipo TTeBHUM 06’ €KT i f10r0 XapaKTePUCTUKY
IIJIAXOM BUIIPOOOBYBaHb. KoMII’'toTepHE TECTYBaHHA €
OIHUM i3 Cy4yacHUX 3ac00iB BUMipIOBAHHSI HaBUYAJTHHUX
nocaraeHb. OCHOBHUMU IIepeBaraMu TeCcToBOI (hopmMu
KOHTPOJIIO € 06’ €KTUBHICTh, EKOHOMIUHICTDb, TOUHICTD,
TEeXHOJIOTIYHICTB ITePeBiPpKY BUKOHAHHA 3aBAaHb. 11lomo
3aCTOCYBAHHSA TECTiB y MaTeMaTUYHUX AUCIIUILIiHAX,
BUKOPUCTAHHA KOMII I0OTepa Hajlae 3HaUYHi mepeBaru
Y CTBOPEHHI MaJIIOHKiB, 06’eMHUX 300paKkeHb, iI0cTpa-
mi# o nmuTaHk. [JIg TpoBeJeHHA TECTYBAHHA iCHYIOTh
OH-JIaH cepBicH, 1110 HAJAAIOTh MOYKJINBICTb CTBOPIOBATH,
pemaryBaTu i TpOBOAUTHY TeCcTyBaHHA. [[J1 cTBOpeH-
H TecTiB y GiJIbIIIOCTI cepBiciB HeoOXimHa peecTpalris.
I1i cepBicu 3 pocificbkoMOBHUM iHTEpP(heticoMm. ¥ HUX
MiCTHUTBCA BeJINKA KOJEKI[iA PiSHOMaHITHUX TECTiB, 110
MOXKYTh OyTU BUKOPUCTAHI Y TPAKTUUHINA AiATBLHOCTI.
Cepen onnaitu cepsiciB MaiicTep-Tect (Www.mastertest.
net/uk), BaukTecros.PY (www.banktestov.ru), Teoit
rect (Wwww.maketest.ru), Tests Online (tests-online.ru),
Tectupyem Bee (testing-all.ru) Ta immri. s opramisa-
mii TeCTyBaHHA iCHYE MOYKJINBICTH CTBOPIOBATU TECTHU
Yy cepefoBUINaX NTUCTAHI[INHOTO HaBUYaHHA, 30KpeMa
Moodle. Tectu B Moodle cTBOPIOIOTHCS 3 pisHUMU THTAMU
MUTaHb, BUKOPUCTOBYIOTHCA TECTOBI 3aBIAHHA 3aKPpU-
TOTO Ta BiIKPUTOTO TUIIIB, TOTYCKAIOTHCA 3aBAAHHA HA
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BimmOBiAHICTD, IepeabavaeThCA KOPOTKA TECTOBA BifIo-
BiZb, a TAKOMK UMCJIOBA 200 O0UMC/II0BAHA. SalIUTAHHS
30epiraroTbcA B 6a3i JTaHUX TECTiB, € MOMKJIUBICTD TeHe-
paitrii TecTy 3i cicKy 6asu JaHUX MIUTAHb, & TAKOMK ITOB-
TOpPHE IPOXOYKEHHI TeCTY, MOKYThb OyTH BUKOPUCTAH1
TIOBTOPHO B ILOMY Kypci a6o B inmmomy. Iammumu coBamu
3aCTOCYBaHHA €JIEKTPOHHUX TECTiB MOXKe POITJIANATICH
AK 30BHIMTHIN YMHHUK MOTHBAIlil HABYaHHSA CTYAEHTIiB.

«[ITupoxruii CIeKTP aHATITUYHUX , 00UNCITIOBAIBHUX
irpadivrux onepariii, 1o MiATPUMYETHCA B CyUYaCHUX
MaTeMAaTUYHUX IIaKeTax, POOJIATh iX OMHUMY 3 OCHOBHUX
iHCTpyMeHTiB y npodeciliniil JignbHOCTI MaTeMaTUKa-
aHmaJiTuKa, iHKeHepa, eKOHOMicTa-KibepHeTUKAa TOIIIO.
Tomy iX BUKOPUCTAHHA Y HABUAJIBHOMY IIPOIECi Ipu
BUBYEHHI MaTeMaTUYHUX OJUCIIUILIiH HAZA€ MOMKJINBICTD
IiABUIITYBaTU PiBeHD IpodeciiiHoI HiATOTOBKY CTyeH-
TiB, piBeHb IXHBOI MaTeMaTUUHOI Ta iH(popMaIiinoi
KyJabTypu» [5].

Burkopucranua BuKJgagadvaMu eJIeKTPOHHUX pe-
CypCiB y X0/ MaTeMaTHUYHOI TiATOTOBKY, 3a6e3IeueH-

HA BIAKPUTOTO AOCTYIIY A0 HAaBYAJbHUX MaTepiasiB
3acobamu [HTepHET-PecypcCiB 3a JOIIOMOTOI0 CCTEM
IMiATPUMKY HaBYaHHA, 3a0e3IIeUeHHA HEIEPEePBHOCTI
IIpoIlecy HaBUaHHA uyepes 6e3mocepeiHe BUKOPUCTAHHSA
KOMII'IOTePHUX TEeXHOJIOTiH AK B ayIUTOPHI TaK i mosa
ayIuTOPHIiM pobOoTi cTymeHTa y TIOEHAHHI 3 iHTepaK-
TUBHUMU METOJaMU € yMoBaMu e(heKTUBHOT'O HABUaHHA
BUIIO] MATEMATUKMN.

Buxopucranusa IKT y mporieci HaBuaHHA Haja€e BU-
KJIaJilauyaM BUIIOl MaTEMaTUKU MOMKJIMBICTh ypisHOMA-
HITHUTH JIEKIiI1H] Ta TPaKTUYHI 3aHATTA, IIPOBOUTHA
JTeMOHCTpaIlil HaBUaJIbHUX MaTepiaJiB, OpraHi3oBy-
BaTH CaAMOCTiliHY poOOTYy CTYIeHTiB, IIiABUIITYBATH iX
aKTHBHIiCTH Ta MoTuBaIit0. Kpim Toro, BuKopucTanusa
PiBHUX TEXHOJIOTif HaJa€e MOXKJIMBICTDh BUKJIaJauam
€KOHOMMUTH YacC i aKkTUBi3yBaTu yBary CTyAeHTIiB ITif
Yac ayJUTOPHUX 3aHATH.

OToKe, BUKOPUCTAHHSA €JIEKTPOHHUX PECYPCiB y HaB-
YaHHI BUIIIOI MaTeMaTUKN HAJa€ MOMKJINBICTD IigBU-
AT MOTHUBAIIil0 HABUYAJBHOI JisIJIbHOCTI CTYZIeHTiB.

Jiteparypa

1. Tpuyc 0. B. Komn’rorepHO-0pieHTOBaHI MeTOAMYHI cucTeMy HaBUaHHA MaTeMatTuku: Monorpadisa. Uepkacu: Bpama-

Yxpaina. 2005. 400 c.

2. ImHoBarnifiai indopmaniiiHO-KOMYHIKaIifiHI TeXHOJIOTiI HaBUaHHA MaTeMaTUKNU: HaBualbHui nocioruk / B.B. Ko-
poabcbkuit, T.I'. Kpamapeuko, C. 0. Cemepikos, C. B. Illokaniok; HaykoBuii pegakTop akagemik AITH Ykpainu, n.meg.H.,
npod. M.I. Hanpak. Kpusuii Pir: Kumxxkose BugaBHunTBo Kupeescrkoro, 2009. 324 c.

3. CemepikoB C. 0. dyrnameHTaIizania HaBYaHHA iHGOPMATUYHUX NUCLHUILIIH y BUMIi# miKoJi: [Mororpadia) / Hay-
KoBUi pemakTop akagzemik AITH Ykpaiuu, g.mex.u., npod. M. I. dangak. K.: HITY im. M. II. [Iparomanosa, 2009. 340 c.

4. CnoBaxk K.I. Teopia Ta MeToamKa 3aCTOCyBaHHS MOOIJIbHUX MaTeMaTUUYHUX CEPEIOBUII Y MPOIeCci HAaBUAHHSA BUIIOL

MaTeMaTHUKU CTYAEeHTiB eKOHOMiuHUX crerniaiabHocTel [ EnxekTponuuii pecype] / C. O. Cemepikos, K. 1. CioBak // Indopma-
mifiai TexHoJorii i 3acoou mapuanusa. 2011. Ne 1(21). URL: http://journal.iitta.gov.ua.
5. CioBak K.I., Cemepikos C.O., Tpuyc IO. B. Mo6iibHI MaTeMaTU4Hi cepegoBUIlla: CYYaCHUH CTAH Ta MEPCIeKTUBU

posButky // Haykosuit waconuc HITY imerni M. II. [IparomanoBa. Cepia 2. KoM’ roTepHO-0pieHTOBaHI cucTeMy HaBYAHHA:
30. Hayk. npainb / Peapazga. K.: HITY im. M. II. [IparomanoBa, 2012. Ne 12(19). C. 102-109.

87



MIJKHAPOJTHUHM HAYKOBUH dKYPHAJ «IHTEPHAYKA »
INTERNATIONAL SCIENTIFIC JOURNAL «INTERNAUKA »
MEXKIYHAPOJIHBIN HAYUYHBIN ;KYPHAJ «<HHTEPHAYKA »

30ipHMK HAYKOBUX CTaTel

Ne 3(83)

1 Tom

I'osnoBa pemakmifinoi KoJerii — g.e.H., mpodgecop Kamincoera T.T.
Kuis 2020

Bupgano B aBTOpPCHKiil pemgakirii

3acuoBuuK / Bugasens TOB «®inamcoBa Paga Ykpainu»
Anpeca: Ykpaina, m. Kuis, Byu. [IaBiiBcbKa, 22, od. 12
Konraxtauii renedon: +38 (067) 401-8435
E-mail: editor@inter-nauka.com
www.inter-nauka.com

ITignucano mo apyry 20.03.2020. @opmar 60x84 /8
IMamip opcerruii. MapriTypa SchoolBook AC.
YmoBHO-ApyKOoBaHuX apKymIis 10,23. Tupask 100.
3amoienaa Ne 398. I1ina gorosipHa.
HanpykoBaHo 3 roTOBOTO OpUTiHAJI-MaKeTY.

HappykoBaHo y BugaBHUIITBI
TOB «IlenTp yub0Boi siTepaTypu»
ByJ. JlaBpchKa, 20 M. Kuis
CBimonTBO PO BHECEHHS cy06’€KTa BULABHUYOI CITPABU
IO TePKaBHOTO PEECTPY BUAABILIB, BUTOTIiBHUKIB i
POBMIOBCIONKYBAYiB BUJaBHUYOI IPOAYKITiT
OK Ne 2458 Big 30.03.2006 p.



